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(54) WATER-REPELLENT FILM AND METHOD FOR PREPARING THE SAME, AND INK-JET HEAD 
AND INK-JET TYPE RECORDING DEVICE USING THE SAME 

(57) A water-repellent film that is formed on a solid 
substrate Includes: a molecule (A) including at least one 
or more of alloxan© bonding (-Si-O-) at both ends and a 
hydrocarbon chain In a middle part; and a molecule (B) 
Including a fluorocaiuon chain at one end arid at least 
one ormoreof siloxane bonding (-5I-0-) at another end, 
wherein a polymer film Is formed at least with the mole- 
cule (A) and the molecule (B). This porymer film forms 
a covalent bond with a surface of the substrate via si- 
loxane bonding (-Si-O-), and the surface thereof Is cov- 
ered with fluorocarbon chains having high water repel- 
lency. Therefore, thte film prevents the Tntrusion of alkali 
ions. Thereby, an InkJet head and an Inkjet type appa- 
ratus having a water-repellent film that is not destroyed 
by the long-term contact with alkaline ink can be provid- 




es jc^^si-— -jsiayjf/i- 



£L 
LU 



FIG. 1 



PAGE 14/56 ft RCVD AT 7/13/2006 8:54:59 AM [Eastern Daylight 



JUL. 



1 3.2006 8:56AM 



3029924773 DUPONT PAT REC CTR 



NO. 8254 P. 15 



10 



15 



SO 



25 



EP 1 386 951 A1 

Description 
TECHNICAL FIELD 

[0001] The present Invention relates to a water-repellent mm having h igh alkali resistance and a method f orproduclng 
the same. The present invention also relates to an ink jet head and an InkJet type recording apparatus using the water- 
repellent film. 

BACKGROUND ART 

[0002] A Water-repellent film, which can repel water and oil and allow easy removal of materials attached to the 
surface thereof, has been used widely In various fields. For example, by forming a water-repellent film on windows of 
an automobile, It Is possible to secure an excellent view because the windows can repel water even on rainy days. 
[0003] Furthermore, by forming a water-repellent film on auch places as the surface of cooking equipment kitchen 
bathroom, and the like, dirt can be removed easily from such places, and consequently, the care thereof becomes 1 
easy. Furthermore, in recentyears, such a water-repellent nfm has been used as a main component of an InkJet nozzle 
making up an Inkjet head of an ink Jet type recording apparatus. The reason why the ink Jet nozzle requires a water 
repellent Him win be described below in detail. 

[0004] The mechanism of printing by- the ink jet type recording apparatus is to discharge several tens pteo-llter of ink 
from each of a large number of nozzle holes with a diameter of several tens urn, which are bored in a nozzle plate 
onto a printed medium such as paper so as to arrange the discharged ink at a predetermined position on the printed 
medium, in order to arrange the Ink at a predetermined position on the printed medium, the Ink is discharged while 
mechanically moving the nozzle plate and the printed medium fespectively to control their relative position Fig a A Is 
a crose-sectional view showing a nozzle hole 34 and its vicinity, where an Ink space 31 for storing a fixed amount of 
Ink 32 js formed on an inner surface of a nozzle prate 33 having a through hole from which the Ink 32 is discharged 
As shown In Fig. 8B, the Ink space 31 Is designed eo that the pressure In the space can be Increased as needed, for 
example, by means of mechanical deformation of a piezoelectric thin film 35. By increasing the pressure In the ink 
space 31 , a predetermined amount of ink 35 can be discharged through the through hole of the nozzle plate from the 
Ink space as Indicated by an arrow 37. Here, in order to conduct high-definition printing, the ink discharged from the 
through hole should be arranged on the printed meoTum accurately. To this end, It la necessary to control precisely the 
relative position of The nozzle and the printed medium, to control the amount of discharged Ink and make the sama 
minute, and to control precisely the discharging direction of the ink. Among these, In order to control precisely the 
discharging direction of the ink, the discharging oTrectrcn of the fnk should be perpendicular to the nozzle plate face 
Here, as shown in Fig. SA, If ink 45 remains at a portion of the periphery of the hole, the discharging direction of Ink 
47 will lean toward the remaining Ink side and deviate from the perpendicular direction as shown by an arrow 48 of 
Fig. &B. Because the attractive force occurs due to the surface tension between the ink 47 and the remaining ink 45 
the Ink 47 from the nozzle 34 h attracted toward the side of the Ink 45. To avoid this situation, In normal printers," 
remaining Inkls removed by wfeingthe periphery of holes regularly with a rubber blade. Here, In orderto clearly remove 
the remaining ink by wiping ft with the rubber blade, It has been found that an Ink-discharging plane of a nozzle plate 
should have water repeJlency. For that reason, on a surface of an Inkjet nozzle plate, various water-repellent films are 
formed. 

[0005] Conventionally, in orderto form a water-repellent film on a solid substrata in general, polytetraf luoroethylene 
(PTFE) and the derivatives thereof, which have water repeliency, have been applied to tho substrate to form a film 
However, PTFE and the derivatives thereof have a small surface energy and even If they are applied directly to the 
4$ substrate to form a film, the frfm peels off the substrate easily. Therefore, In orderto secure the adhesion between the 
film andthesubstrate, there have been employed a method of roughening thesurfaeeof thesubstrate and then applying 
a water-repellent film to the roughened surface, and a method of roughening the surface of the substrate, and forming 
a primer layer (adhesive layer) made of polyethylene sulphide, etc., on the roughened surface, followed by sintering 
a water-repellent film. Furthermore, when the solid substrate is made of a metal, a method of plating particles of PTFE 
and the derivatives thereof together with the metal may be employed. 

[0006] On the other hand, there have been proposed methods of forming a water-repellent film having an excellent 
adhesion directly on the surface of a substrate by using a silane coupling agent without roughening the surface of the 
substrate. As the first example of these methods, there is described a method for forming a water-repellent monomo- 
lecuiar or polymer film by allowing fluoroalky I trfchloros I lane such as CF a (CF 2 ) a C 2 H 4 3lCf 3 to react wtth a substrate (JP 
250081 5 and J P 2525536). In the above-mentioned chemical formula, CF^CF^foHf represents a fluoroalkyl group 
and -SiCl 3 represents a trier lorosily! group. In this method, a substrate having active hydrogen on the surface thereof 
is brought into contact with a solution in which fluoroalkyl trichiorosilane is dissolved so aa to allow a ehlorosilyl group 
(-SiCI) to react with active hydrogen, thus forming -Si-O-bondlng to the substrate. As a result, a fluoroalkyl chain is 
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fixed to the substrate via -Sl-CK Herein, the fluoroalkyl chain provides a film with water repellency. Depending on the 
film formation conditions, the water-repellent film becomes a monomolecular film or a polymeric film. As the second 
example, there Is described a method in which a porous substrate impregnated with a compound containing fluorine 
such as fluoroalkyl alkoxysllane is heated In a vacuum to evaporate the compound, thus providing the surface of the 

s substrate with water repellency (JP 6 (1 994J-1 43586A). In orderto Improve the adhesion between the water-repellent 
film and the substrate, this method proposes that an Intermediate layer made of silicon dioxide, etc. is provided As 
the third example, there Is described a method of forming a film made of titanium, titanium oxide or Indium-tin oxide 
on the substrate, and forming a fluoroalkyl silane based compound thereon by a vacuum evaporation method (JP 10 
(1 998)-323979A). As the fourth example, there Is described a method of forming fine particles of oxides such as *irconla 

10 and alumina on the surface of a substrate, and then applying a fluorine based silane coupling agent such as fluoroalkyl 
chlorosilane and fluoroalkyl alkoxysilane (JP 6 (1 994)-l71094A). As the fifth example, there is described a method of 
subjecting a mixed solution, which is obtained by adding metal alkoxlde to fluoroalkylalkoxysilane such as CF 3 
(CF 2 )aC2H + SI(OCH 3 ) 3> to hydrolysis and dehydration polymerization, and then applying the solution to the substrate, 
followed by baking, thereby forming a water-repellent film in which molecules having a fluoroalkyl chain are mixed in 

« the metal oxide (J P 2667060, JP 2874391 , JP 272971 4 and JP 2555797). In these methods, a fluoroalkyl chain provides 
the film with water repellency, and a metal oxide provides the film with a high mechanical strength. 
[0007] The water repellent film ha3 to be produced by selecting an optimum method among various formation meth- 
ods as described above depending on its Intended use. For the formation of a water-repellent film used for an Ink jet 
nozzle, especially, a method utilizing a sllana coupling agent Is more effective than the other methods because of the 
20 following respects. Firstly, a water-repellent treatment can be conducted basically on any substrate of a nozzle. Sec- 
ondly, a water-repellent film can be made thin. Th© reason tor requiring the thin Aim Is, as shown In Fig. 1 0A, that side 
faces of a nozzle through hole 34 thai la bored in a water-repellent film 55 should have water repellency and have a 
small film thickness. A large film thickness of a water-repellent Aim 56 as shown In Fig. 1 0B makes It Impossible for 
Ink 32 to be discharged from an Ink space 31 through a through hole 34 due to the water repellency of the side feces 
thereof. To avoid this situation, the film thickness should be made sufficiently smaller than a nozzle diameter. For this 
reason, it can be considered that the second feature win Increasingly become Important. This Is because the tendency 
for requiring high-definition printing will be Increased in the future, and accordingly a nozzle diameter will be reduced, 
and therefore a water-repellent film with a film thickness smaller than such a noxzle diameter will be demanded. There- 
fore, the above-mentioned second to fourth methods are employed for forming a water-repellent film used for an Ink 
» jet noizle, 

[0008] Since a water-repellent fflm using a silane coupling agent can be formed on various aubstratee without per- 
forming a pretreatment, rt can be expected to be applied in various fields, it is particularly useful In an Ink jet head 
application. However, a conventional water-repeQent film using a silane coupling agent lacks durability against alkalinity. 

Esped^lyrlfHhs^lieation to on Ink Jet h e ad, Me^eeffott o problem. T -h to is pooous o- tho ink uood -f or an I nk jot— 

& type recording apparatus generally Is alkaline, and therefore a water repellent-film used for the Inkjet head te required 
to have durability against an alkaline solution. 

[0009] The conventional monomolecuterf llm or polymerfllm using a silane coupling agent 1s bonded to the substrate 
via Sl-O bonding. However, since this bonding is hydroryzed easily In an alkaline solution, when the conventional water- 
repellent film Is soaked in an alkaline solution, the bonding disappears easily from the substrate. That iB, such a film 

4Q lacks durability against an alkaline solution. 

[0010] Then, the third and fourth examples provide a method In which In order to improve the alkali resistance, an 
alkali resistant lower film made of titanium oxide, titanium, zirconla particles, alumina particles, etc. Is formed under a 
water-repellent film. Triue, a water-repellent film hardly Is peeled off the solid substrate due to the lower layer breaking 
away. Onthe other hand, even with this configuration, the problem that hydrogen bonding orslloxane bonding between 

4* the water-repellent film and the substrate is broken by alkaline has not been solved completely. 

[001 1] The water-repellent films proposed In the conventional methods use a silane coupling agent having a reactive 
group only at one end of a straight-chain molecule, for example, fluoroalkyl alkoxysilane and fluoroalkyl chlorosilane, 
etc. In such a coupling agent, as shown in Fig. 11, due tothe eteric hindrance between molecules, three-dimensional 
polymerization between molecules hardly occurs and the film density is lower than that of a general polymeric polymer. 

50 A silane coupling agent 61 causes a hydration reaction 62 with a hydroxyl group on the surface of the substrate to 
form slloxane bonding, or is fixed by hydrogen bonding. Therefore, as shown In Fig. 12A, as the substrate 71 has the 
higher density of hydroxy! groups on the surface of the substrate, the density of the Rfrn (a film of the silane coupling 
agent bonded to the subotrare) 72 in the vicinity of the substrate becomes higher. Herein, as shown In Fig. 12B, In the 
case of a lower film 73 made of titanium oxide, titanium, zirconla, etc., since the density of hydroxyl groups on the 

93 surf bcb of such a film is low, the density of the water-repellent film (a film of the silane coupling agent bonded to the 
substrate) 74 that is in contact with the lower film 1s low. Fig. 13 Is a schematic view showing a state In which water- 
repellent films B2 and 61 formed on a lower layer 83 having a low density of hydroxyl groups are exposed to an alkaline 
component In the nearer part of the lower film 83, the silane coupling molecules (a water-repellent film in the vicinity 
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of the lower fljm) 82 are fixed to the lowerfilm 83 via hydrogen bonding and siloxane bonding, and in the more distant 
part from the lower film 63, the low density water-repellent him (a water-repellent film distant from the lower film) 81 Is 
formed. Whan an alkali ink te brought Into contact with this film, hydroxyl Ions (OH-) S4 a* alkaline components pass 
through the film 81 and go to the lower film 83. When the density of the water-repellent film 82 In the vicinity of the 

5 lower film is small, ions SS enter into the interface between the film 82 and tho lower film 83 and break the hydrogen 
bonding and the siloxane bonding present therein. Even if the lower film has much durability against an alkaline solution 
if the densrty of hydroxyl groups on the surface thereof is low, the alkali reslstanceof the water-repellent film decreases' 
[0012] Furthermore, In order to improve the alkali resistance, the fifth example Is useful, In which a molecule having 
a ffuoroalkyl chain is mixed in the metal oxide such as titanium oxide end zirconium oxide, which has the durability 

» against an alkaline solution. However, these metal oxides have to be produced by subjecting titanalkoxlde and zirco- 
niumalkoxida to hydrolysis and dehydration polymerization, and these alkoxides have high reactivity end hydrolysis 
proceeds quickly In the air. Therefore, It is hard to handle a coating solution usingthese alkoxides for applying a water^ 
ropgllent film. Therefore, slllconalkoxide that is stable In the air has been used widely. However, silicon oxide formed 
from the s.liconalkoxide is solved in an alkaline solution. Therefore, there Is a problem that the water-repellent film 

15 using slllconalkoxide has low durability against an alkaline solution. 

DISCLOSURE OF THE INVENTION 

[0013] In order to cope with the above-stated problems, an object of the present invention is to provide a waier- 
repellentfilm having alkali resistance and a method forproduclngthesame. Furthermore, another object of the present 
Invention is to provide, by applying this water-repellent film, an Inkjet head and an Inkjet type apparatus including an 
Ink jet nozzle provided with a water-repellent film that Is not broken after the long time contact with an alkaline ink 
[0014] To fulfill the abovenstated object, a first water-repellent film of the present invention that Is formed on a solid 
substrate Includes: a molecule (A) Including at least one or more of siloxane bonding (-SI-0-) at both ends and a 
hydrocarbon chain in a middle parti and a molecule (B) Including afluorocarbon chain at one end and at least one or 
more dI* siloxane bonding (-SW-) at another end, wherein a polymer m Is formed at least wtth the molecule fA) and 
the molecule (B). ™ 

[ooi sj A second water-repellent film of the present Invention is formed on a solid substrate and Is made up of a two- 
layered thin film, in the water-repellent film, a first-layer film contacting with the substrate Is made of a mixture of a 
silicon oxide and a titanium oxide, a ratio of the silicon to the titanium being In the range from 1 0% to 30%, Inclusive, 
In terms of mote, and a second-layer film formed on the first-layer film Is a polymer film that Is at least one selected 
from a hydrolyzate and a dehydrated polymer of a sllane coupling agent comprising a fluorecarbon chain 
[0016] Next, a first method for producing a water-repellent film on a solid substrate of the present Invention Includes 
the steps of: applying a coating solution to the substrate, wherein the coating solution is prepared by mixing a silane 
coupling agent (A) including reacth/e functional groups at both ends and comprising a hydrocarbon chain In a middle 
part, a sllane coupling agent (B) Including a fluorocarbon chain at one end and a reactive functional group at another 
end, an organic solvent, water and an acidic catalyst, and heating the substrate so as to form a polymer film with the 
sllane coupling agent (A) and the sllane coupling agent (S). 

[0017] A second method for producing a water-repellent film on a solid substrate includes the steps of: applying a 
first coatingsolutron to thesubstrate, followed by baking at 300'C or higher, where the first coating solution Is prepared 
by mixing titanalkoxide, slllconalkoxide, an organic solvent waterand an acidic catalyst, and applying a second coating 
solution to the substrate, followed by baking, where the second coating solution is prepared by mixing a ellane coupling 
agent having afluorocarbon chain, an organic solvent, water and an acidic catalyst In the first coaling solution, a ratio 
of the siiiconalkoxlde to the titanalkoxlde Is lh the range from 1 0% to 30%. Inclusive, In terms of mols 
49 [0018] Next, an ink jet nozzle of the present Invention includes a substrate having a nozzle hole from which ink is 
discharged and a wafer-repertant film that is formed on an Ink-discharging side of the substrate: Here, the water- 
repellent film Is tho water-repellent film according to any one of the first to second water-repellent films of the present 
invention. r 
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[001 9] Next an ink jet type recording apparatus of the present invention Includes the ink Jet head according to any 
one of the above-described ink jet heads and a moving unit for relative movement of a recording medium. 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] 

Fig, 1 la a .schematic view showing a configuration of a water-repellent film according to Embodiment 1 of the 
present invention. 

Fig. 2 schematically shows a state where a water-repellent film according to Embodiment 4 of the present invention. 
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which is formed on a solid substrate, is exposed to an alkaline component. 

Fig. 3 is a schematic view showing a process In which a high density polymer film Is formed according to Embod- 
iment 5 of the present Invention. 

Rg. 4 Is a schematic view showing a state of the surface of a substrate that is exposed to a solution containing 
straight-chain molecules according to Embodiment 5 of the present invention. 

Fig. 5A Is a schematic view showing a state right after e coaling solution containing a silane coupling agent having 
a fluoroaltyl chain Is exposed to a substrate, Fig, SB Is a schematic view showing a state where the silane coupling 
agent having a fluoroalkyl chain is absorbed to the surface of the substrate and C fs a schematic view showing a 
state of the surface of the substrate repelling the coating solution. 

Fig. 6 Is a cross-sectl&rtal view of a nozzle and the vicinity according to Embodiment 9 of the present Invention. 
Rg. 7 is a perspective view of an ink jet type recording apparatus according to Embodiment 11 of the present 
Invention, 

Fig. BA Is a cross-sectional view of a nozzle hole and the vicinity according to the conventional example, and Fig. 
BB is a cross-sectional view schematically showing a state In which an ink space therein increases in pressure so 
as to discharge ink from the hole. 

Fig. 9A Is a cross-sectional view schematically showing a state In which Ink remains at a nozzle hole according to 
the conventional example, and Fig. 9B is a cross-sectional view schematically showing a case where Ink is dis- 
charged when Ink remains at the nozzle hole. 

Rg. 10A Is a cross-sectional view showing a nozzle plate and the vtomity when a film thickness of the water- 
repellent film is small according to the conventional example, and FJg. 1 0B Is a cross-sectional view showing a 
nozzle plate and the vicinity when a film thickness of the water-repellent film is large. 

Rg. 11 Is a schematic view showing a polymerization of a silane coupling agent having a reaction group at only 
one end according to the conventional example. 

Rg. 12A Is a schematic view showing a configuration of a silane coupling agent bonded to a substrate having 
hydroxyl groups at high density on the surface thereof according to the conventional example, and Rg. 12B le a 
schematic view showing a configuration of a silane coupling agent bonded to a substrate having hydroxyl groups 
at low density on the surfjace thereof according to the conventional example. 

Rg. 13 b a schematic view showing a state in which a water-repellent film formed on a lower layer having a low 
density of hydroxyl groups according to the conventional example Is exposed to an alkaline component. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0021 J In the water-repellent film of the present Invention, between the solid substrate and the water-repellent film, 

a flr * lf *war nnlynwfifm further mnv ha fnrmffri th* first irwor pnrynwfiim being w?>h a molecule [Deluding 

as at least one or more of siloxane bonding (-Sl-O-) at both ends and a fluorocarbon chain In a middle part. 

[00221 In addition, between the solid substrate and the first lower polymer film, a second lower oxide film may be 

formed, the second lower oxide film being made of a mixture of a silicon oxide and a titanium oxide. 

[0023] in addition, it is preferable that a density of the molecule (B) (n the vicinity of the outermost surface of the 

water-repellent film Is higher than a density of the molecule (S) inside the water-repellent film. 
<° [0024] In addition, in the water-repellent film of the present Invention, It Is preferable mat a ratio of the molecule (A) 

and the molecule (B) Is in the range from O.001 to 0.2 (» the molecule (Bythe molecule (A)) that is represented by a 

mol ratio. 

[0025] in addition, in the water-repellent film of the present Invention, the molecule (A) may include a straight-chain 
hydrocarbon chain. Alternatively, In the water-repellent film of the present Invention, the molecule (A) may include a 
43 benzene ring. 

[0026] Next, in the method of the present Invention, between the solid substrate and the water-repellent film, a pol- 
ymer film further may be formed by applying a first underlayer coating solution to the substrate, wherein the first un- 
derlayer coating solution Is prepared by mixing a silane coupling agent Including reactive functional groups at both 
ends and including a fluorocarbon chain In a middle part, an organic solvent, water and an acidic catalyst, 
» [0027] It is preferable that after the first underlayer coating solution Is applied to the solid substrate, followed by 
heating at 100"C to 300 S C, Inclusive, then a coating solution Including the silane coupling agent (A) and the silane 
coupling agent (B) is applied thereto. 

[0028] Between the solid substrate and the first underlayer polymer film, an oxfde film that Is made of a silicon oxide 
and a titanium oxfde further may be formed by applying asecond underlayer coating solution to the substrate, followed 
& by baking, wherein the second underlayer coating Is prepared by mixing tltanaikoxJde. silicon alkoxids, an organic 
eolvem, water and an acidic catalyst 

[0029] In addition, in the method of the present invention, when the molecule (A) Includes a hydrocarbon chain, rt is 
preferable that the number of carbons that constitute the straight-chain hydrocarbon chain ranges from 1 to 1 o, inclu- 
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Give, fn the present invention, it Is preferable that the molecule (A) includes a benzene ring and a mol ratio of water/ 
the molecule (A) = 20 to 1 50 Is satisfied. In the method of the present invention, It is preferable that a mol ratio of the 
molecule (A) and the molecule (B) Is In the range from 0,001 to 0.2 (= the molecule (B)/the molecule (A)) 
[0030) in the method of tha present Invention, it is preferable that the organic solvent of the coaling solution Inctudina 
the slJane coupling agent (B) Includes alcohol having fluorocarbon. 

10031] in addition, in the method of the present invention, It is preferable that a dew point of the atmosphere for 
applying the coating solution to the substrate Is lower than a temperature of the atmosphere by &C or more, 
[0032] In addition, In the method of the present Invention, it Is preferable that when the molecule (A) Includes a 
straight-chain hydrocarbon chain, it is preferable that the number of carbons that constitute the straight-chain hydro- 
carbon chain ranges from t to 10, Inclusive. 

[0033] In addition, in the method of the present invention, It Is preferable that a method for applying the coating 
solution to a surface of the substrate is at least one selected from a dipping method, a spraying method, a brushing 
method, a method using a cloth, a epln coating method, a method usfng a roller, a knife coating method and a film 
coating method. 

[0034] As a result of various analyses and experiments by the present Inventors as to an influence of an alkaline 
solution on a water-repellent f flm and its mechanism, the present inventors have found a method for realizing a water- 
repellent film having high alkali resistance using a silane coupling agent. In addition, an ink jet head and an ink Jettyp© 
recording apparatus can be realized by applying this water-repellent film. 

[0035] -Riefollowing describes embodiments ofthe present Invention fortheeake of clarity of the present invention 
However, the present invention Is not Ibiited only to the following embodiments. 

[Embodiment 1 !] 

[OQ36] According to the first embodiment of the present Invention, a film includes a molecule (A) having at least one 
or mora of slloxane bonding (-S5-0-) at both ends and a hydrocarbon ohaJn {-(CH^-; n la a natural number) in the 
middle part and a molecule (B) having a fluorocarbon chain (-(CF 2 ) n -; n Is a natural number) at one end and at least 
one or more of siloxane bonding (*$j-o-) at another end, where a polymer Is formed With the molecule (A) and the 
molecule (B). Theflubrocarbon chain of the molecule (B) provides the film with water repellency, because It Is a nonpolar 
molecule. Then, the molecule (A) forma a high-density polymer film by the slloxane bonding at the both ends of the 
molecule, and the molecule (B) Is bonded to this polymer film via the siloxane bonding 

[0037] As one example of the molecule (A), -0SI(R^(cH^ n si(RlR2)0. (Ri and are a methyl group, an ethyl 
group, a methoxy group (-OCH3), an ethoxy group (-OCary, a hydroxyl group (-OH), or oxygen constituting slloxane 
bonding, and n Is b natural number from 1 to 10) la Included. As the molecule (B), CF^{0^ n O^\{FOH^O <R' and 
R2 are a methyl group, an ethyl group, a methoxy group (-OChy, an ethoxy group (-CK^y, a hydroxyl group (-OH), 
or oxygen constituting slloxane bonding, and n Is a natural number from 1 to 12) Is Included. Heraln, In order to provide 
the film with high water repellency, in the molecule (B), 6 to 10 is preferable. 

[0038] Fig. 1 1s a schematic view showing a configuration of a water-repellent film 1 as one example of the present 
Invention. In this example, the molecule (A) is (-O-feSKCHgksit-O-fe and the molecule (B) is CF 3 (GF 2 ) 7 <^ 4 Si(-C>) 3 
In this configuration, the density of the molecule (B) is high In the vicinity of a surface of the water-repellent film. 
Therefore, even when a ratio of the molecule (B) to the molecule, (A) is tow, a film with high water repellency can be 
obtained. As the ratio of the molecule (B) decreases, the film density of the water-repellent film is improved. Therefore, 
the water-repellent film of the present Invention has excellent wear resistance. In Fig. 1, as a substrate 2 metal ce- 
ramics and the like can be used. 

[0039] In this film, siloxane bonding (-SI-0-) is present. Generally, the slloxane bonding Is hydm^rzed In an alkaline 
solution and is disconnected. However, the present inventors have found that in the configuration of the water-repellent 
film of the present invention, the water-repellent hydrocarbon chain and fluorocarbon chain are present in the vicinity 
of the siloxane bonding and these molecule chains prevent an alkaJIne solution from intruding Into the film. The present 
inventors have found that, as a result of this, the water-repellent film Is not broken even In the presence of alkaline 
agents. 

50 I 0040 ] A* ^ 9 number of carbons constituting strafght-chaln hydrocarbon chain of the molecule (A) increases, the 
chain Increasingly prevents the alkaline component from Intruding Into the slloxane bonding, but conversely, the density 
of the Htm decreases, thus decreasing the wear resistance of the Rim. The present inventors have found that, when 
the number of carbons constituting the straight-chain hydrocarbon chain of the molecule (A) ranges from 1 to 10, a 
film with excellent alkali resistance and excellent wear resistance can be realized. 

«5 [0041 ] As th e ratio of the molecule (B) increases, the water repellency of the film is improved, but the wear resistance 
thereof decreases. Conversely, as the ratio of the molecule (B) decreases, the wear resistance of the film Is improved 
but the water repellency thereof decreases. The present inventors have found that when the mol ratio of the molecule 
(B)/the molecule (A) = 0.001 to 0.2 is satisfied, a film wtth excellent water repellency and excellent wear resistance 
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can be realized. 

[0042] When the molecule (A) Includes a benzene ring, heat resfstance of the water-repellent film Js Improved be- 
cause the benzene ring has high heat resistance. That ls F when the middle part of the molecule (A) Includes only the 
straight-chain hydrocarbon chain, the water-repellent coating film exhtolts heat-resistance of about 250*0, whereas 
s the water-repellent coating film including a ben2ene rfrtg exhibits heat-resistance of 300°C or higher. Furthermore, the 
molecule including a benzene ring ie stffferthan a molecule that does not include a benzene ring (the flexibility per- 
missible for the molecular structure is reduced), and therefore this molecule Is packed densely and the film density Is 
Increased, thus Improving the wear resistance. 

[0043] As the molecule (A) having a benzene ring, - 05I(R1 ^(OH^{^H A (OH 2 )^\{H^)0- (R1 , R 2 , R* and R* are 
10 a methyl group, an ethyl group, a mothoxy group (-OCH3}, an ethoxy group (-OC 2 H 6 ) 4 a hydroxyl group (-OH), or 
oxygen constituting slloxane bonding, and t and u are a natural number from 1 to 1 0) is included Herein, in order to 
improve the heat resistance of the produced film, It Is preferable that the length of the stralghNchBin hydrocarbon chain 
Is made as small as possible and t and u range from 1 to 3. 

» [Embodiments] 

[0044] The second embodiment of the present invention Is configured with a two-layered thin film. That is, a first- 
layer film is a polymer that Is made up of a molecule having at least one or more of slloxane bonding (-SI-O-) at both 
ends and a fluorocarbon chain In the middle part, and a second-layer film fonnad on the first-layer film Includes a 
20 molecule (A) having at least one or more of slloxane bonding (-SI-O-) at both ends and a hydrocarbon chain in the 
middle pan and a molecule (B) having a fluorocarbon chain at one end and at least one or more of slloxane bonding 
(-SK>-) at another end, where a polymer la formed wfth the molecule (A) and the molecule (B). Herein, th e configuration 
of the second-layer film Is basbally the same as that of the film used in Embodiment 1 . 

[0045] As the mdleeuie having a fluorocarbon chain In the middle part, -0SI(R1 R^C^fCF^ CaH^SifR^R^O- (R' , 
& R2 R3 and R4 are a methyl group, an ethyl group, a methoxy group (-OCH^. an ethoxy group (-OC2H3). a hydroxy! 
group (-OH), or oxygen constituting slloxane bonding, and n Is a natural numberfrom 1 to 12) is Included. In the Rrst- 
layer polymer made up of this molecule, slloxane bonding is Included. However, the water-repellent fluorocarbon chain 
In the vicinity of this bonding prevents an alkaline solution from intruding into the film, thus preventing the breakage of 
the slloxane bonding by the alkaline solution. As a result, this polymer film can have durability against an alkaline 
30 solution. Furthermore, the molecule having a fluoroaltyJ chain In the middle part Is stifferthan a molecule having a 
hydrocarbon chain In the middle part (the flexibility permissible for the molecular structure Is reduced), and therefore 
this molecule is packed densely and the f Bm density is increased, thus Improving the wear resistance and strengthening 
a bonding force with a substrate. 

[0048] The PTTOenttnTOTtnrs-havp foun d t hai torts riibt- l ayer ffln r ra r v es as an a dhes i v e f ayo rbe tw ce n th e subs frate— 
55 and the second-layer film. Especially, in the case of a substrate made of platinum and mica having a small density of 
hydroxyl groups on the surface thereof, when the second-layer fflrn Is formed directly thereon, the adhesion of the film 
Is low. On the contrary, the provision of the adhesive layer can Improve the adhesion of the water-repellent fUm. 

[Embodfrnent3J 

40 

[0047] The third embodiment of the present invention Is configured with a three-layered thin Aim. That is, a first-layer 
film that contacts with a substrate is made of a mbdura of a silicon oxide and a titanium oxide. A second-layer film 
termed on the first layer film Is a polymer that Is made up of a molecule having at least one or more of slloxane bonding 
(-SI-O-) at both ends and a fluorocarbon chain In the middle part and a third-layer film formed on the second-layer film 
45 includes a molecule (A) having at least one or more of slloxane bonding (-Si-O) at both ends and a hydrocarbon chain 
in the middle part and a molecule (B) having a fluorocarbon chain at one end and at least one or more of slloxane 
bonding (-SI-O-) at another end, where a polymer Is formed with the molecule (A) and the molecule (B). 
[0048] Herein, the fUm configuration or the second-layer film and the third-layer film Is basically the same as that 
shown In Embodiment 2. 

so [0049] The silicon oxide and the titanium oxide have higher hardness as compared with the second-layer and third- 
layer polymer films, and have better adhesion with the substrate. The present Inventors have found that the titanium 
oxide film provides the film with alkali resistance and the silicon oxide flJm functions so as to Improve the adhesion 
between the substrate and the second-layer film. Then, the present Inventors have found that the firet-layer film Is 
made of the mixture of titanium and silicon, and the second-layer and third-layer films are formed thereon, whereby 

& an alkaH resistant watsr-repellent film having high adhesion with the substrate can be formed. 

[0050] Furthermore, In the water-repellent film of this embodiment, thefirst-layerfllm completely prevents an alkaline 
solution from Intruding into the substrate, and therefore by forming the water-repellent film on a substrate having low 
alkali resistance, the alkali resistance of the substrate can be improved. 
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[Embodiment 4] 

E°^!L The fOUrth embodlrTl8nt of the P r9S * nl invention is configured with a two-layered thin film. Trtat Is, a first-layer 
film that contacts with a substrata is made of a mixture of a silicon oxide and a titanium oxide, where a ratio of the 
silicon to trie titanium is In the range from 10% to 30% in terms or mole, and a seconder film formed on the first- 
layer film is made up of a hydrolyzate and/or a dehydrated polymer of a silane coupling agent having a fluorocarbon 
chain. 

[00S2] When the silicon oxide film alone Is Included, the adhesion density to the second-layer film Is high because 
high-denslTy silanol groups (*SIOH) are pressnt on the surface thereof, but the film lacks alkali resistance. When the 
titanium oxide film alone is Included, the adhesion dsnslty of the film Is lower because the density of hydroxyl groups 
on the surface ts lower compared to the silicon oxide film, but the alkali resistance Is improved. The present inventors 
have found that, when the ratio of silicon atoms to titanium atoms In the first-layer film is within a range of 1 0% to 30% 
in terms of mols, the adhesion density to the second-layer film is high and the alkali resistance Is Improved 
£053] Fig. 2 shows one example of a water-repellent film according to this embodiment. In Fig. 2, reference numeral 
21 denotes th a first-layer film. 22 denotes the Second-layer film. 23 denotes a portion of the water-repellent film in the 
second-layer film that Is distant from the flrsWayer film and 24 denotes a portion of the water-repellent film in the 
second-layerfilrnthstls neartothe first-layer film. In thtefUm structure, the waie^ 

layer film, located near to the f Irst-iayer film has a high density, ao thet the film does not peel off the first layer due to 
atkalme^rnponents 26 that Intrude through the water-repellent film 23 as the portion of the second-layer film that Is 
distant from frie fjrst-layer film. Here, in Fig. 2, reference numeral 25 denotes an Ion of the alkaline component that 
intrudes Into the water-repeOent film, ^ 

(Embodiments] 

[0054] The fifth embodiment of the present invention relates to a method for producing a water-repellent film on a 
solid substrate, In which a slfsne coupling agent (A) having reactive functional groups at both ends and Including a 
hydrocarbon chain In the middle part; a silane coupling agent (B) having a fluorccarbon<^ain at one end and a reactive 
. functional group at an other end; an organlceoh/ent; waterand an acidic catalyst arc mixed to produce a coating solution, 
and this coating solution is applied 
30 the silane coupling agent (A) and the silane coupling agent (B). 
[0055] mtheorganto^ 

aoyloxy, or amine) of the silane coupling agent participates In the reactions expressed by the following chemical for- 
mulae Formula 1 to Formula 3. 

•SUC + H a O -SI-OB + HX (Formute 1} 



16 



15 



SQ 



40 



45 



SO 



-SMC + -Si-OH -Si-O-SI- + HX (Formula 2) 

- SIOH + -SiOH -Si-O-si- -i- H z O (Formula 3) 

[0058] The reaction expressed by Formula 1 showaihe generation of a sifanol group (SI-OH) by hydrolysis; Formulas 
2 and 3 show the generation of a slloxane bonding (-SH>) by a ^hydration polymerization, respectively: 
[0057] Right after a predetermined amount of silane coupling agent, organic solvent, water and acid catalyst are 
mixed, the reactions expressed by the chemical formulas Formula t to Formula 3 occur. Therefore, the coating solution 
contains a hydrolyzatB, a dehydrated polymer, or a molecule having unreacted reactive functional groups of the silane 
coupling agent, which are mixed therein, since the reactions of the Formula 1 to Formula 3 proceed quickly the coating 
solution can be applied to the Substrate right afterthe preparation of the coating solution. However, the temperature 
of the coating solution increases right after mixing due to the heat resulting from chemical reaction, which might cause 
venations Jn the application state, and therefore It Is desirable that the application is conducted after 1 to 2 hours have 
passed after mixing. When this coating solution Is applied to the substrate, a film is formed on the substrate. Right 
after the application, the film includes the silane coupling agent, solvent, water, and acid eatafyst. However, when the 
substrata Is heated at 1 0O°C or more, the solvent, water and acid catalyst are evaporated, and accordingly, impacted 
reactive functional groups become silanol ortha dehydration polymerization reaction between ellanol groups proceeds 
As a result, a solid thin film Is formed on the substrate. 
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[0058] As shown in Fig. a, since the silane coupling agent (A) 11 has reactive functional groups at both ends of the 
molecule, dehydration polymerization reaction takes place in a portion as shown by an arrow 12 so as to form a high 
density three-dimensional polymer film. Therefore, the formed film has a structure in which the silane coupling agent 
(B) Is fixed to the three-dimensional polymer film of the sflane coupling agent (A) via alloxan® bonding. Note here that 
5 in the film, the sllahe coupling agent (A) and the sllane coupling agent (B) are bonded to each other via elloxane bondfng 
to form a polymer film. However, in the film, unreacted reactive functional groups orsilanol groups (ShOH) may remain. 
The higher the baking temperature Is, the fewer of these groups remain. Furthermore, when hydroxyl groups (-OH) 
are present on the surface of the substrate, the sllane coupling agent causes a dehydration reaction with the hydroxyl 
groups tD form slloxarre bonding or hydrogen bonding, "nierefore, the water-repellentfllm is frxedto the substrate firmly. 
10 [0059] Note here that, in the present Invention, right after the application of the coating solution, the sllane coupling 
agent (A) forms the three-dimensional polymer film, whereas the silane coupling agent (B) moves across the film due 
to the thermal diffusion. Th Is movement te finished at the time when a liquid component in the film is evaporated away 
to some extent. As a result of this movement the densfty of the sllane coupling agent (B) increases on the surface of 
the film. That Is to day, in an aggregation of materials having various surface energy levels, it is known that the materials 
w having different surface energy values cause phase separation therebetween, and materials havfng closer levels tend 
to gather. Since the hydrocarbon chain included in the sllane coupling agent (A) and the fluorocarbon chain Included 
in the ellane coupling agent (B) repel each other, phase separation is likely occur in the film. Gn the other hand, right 
afterthe application of the coating solution to the substrate, the surface of the coating solution contacts with air, and 
the surface energy of trie air 16 the smallest among all materials. The fluorocarbon chain in the sllane coupling agent 
(B) has the smallest surface energy in the coating solution. Therefore, although the silane ooupHng agent (B) In the 
coating solution moves In various directions, when It leeches ihe surface of the coating solution and the molecule 
contacts with air having smaller surface energy, this molecule becomes fixed. As a result, the silane coupling agent 
(3) generates the phase separation from the sllane coupling agent (A) while being fixed near the surface of the film. 
This means that even when the amount of the sllane coupling agent (B) In the coating solution Is reduced relative to 
25 the sllane coupling agent (A), the density of the fluorocarbon chain increases at the su rface of the film, so that Ihe film 
exhibits water repellency. In order to realize a film with high wear resistance, it Is Important that the flhi with high water 
repellency can be obtained even when the ratio of the sflane coupling agent (B) la small. This is because the silane 
coupling agent (B) has a reactive functional group only at one end of the molecule, which makes It difficult to form a 
three-dimensional polymer film. Therefore, when the ratio of the sllane coupling agent (B) in the film Increases, the 
so density of the film decreases, thus decreasing tfre wear resistance thereof. 

[006OJ As the sllane coupling agent (A), ^Q^SiCCH^^SIR^Xn, in which alkoxyl groups are present at both ends 
of a stralght-chaJn hydrocarbon is preferable (Q and R represent a methyl group or an ethyl group; n represents a 
natural number between 1 and 10; 8 and m represent a natural number between 1 and 3, when s=1 and m=1 are 

safeflo d , tw o Q s a n d Rs a r e present res pa rhvphr htrt <™r±rt.thn twrv n« aod *«= m ay h Q u» a digexeoUmifioim) 

a* [00S1] Furthermore, when the silane coupling agent (A) Includes a benzene ring, the heat resistance of the water- 
repellent film is Improved because the benzene ring has high heat resistance. Furthermore, the molecule Including a 
benzene ring Is stiffer as compared with a molecule that does not Include a benzene ring (the flexibility permissible for 
the molecular structure Is reduced), and therefore this molecule Is packed densely and the film density Is increased, 
thus Improving the wear resistance. The sllane coupling agent (A) Including a benzene ring Includes X^O^i 
40 ^^hPe^^^'^n^m (Q and R represent a methyl group or an ethyl group; t and u represent a natural number 
between 1 and 10; s and m represent a natural number between 1 and 3, when s=1 and m=1 are satisfied, two Qs 
and Rs are present respectively, but each of the two Qs and Rs may have a different structure). Herein, In order to 
improve the heat resistance of the produced fflm, It is preferable that the straight-chain hydrocarbon chain Is made as 
short as possible and t and u range from 1 to 3. 
43 [WS2J Note here that, as the number of carbons constituting the straight-chain hydrocarbon chain of the silane cou- 
pling agent (A) increases, the chain Increasingly prevents the alkaline component from intruding into the slloxane 
bonding, but conversely the density of the film decreases, thus decreasing the wear resistance. The present Inventors 
have found that, when the number of carbons constituting the straight-chain hydrocarbon chain of the molecule (A) 
ranges from 1 to 10, a film with excellent alkali resistance and excellent wear resistance can be realized. 
so [0063J Furthermore, the silane coupling agent (B) Includes CF^CFa^C^SIR^X* (R represents a methyl group 
or an ethyl group; n represents a natural number between 1 arid 12; m represents a natural number between 1 and 3, 
when m=1 is satisfied, two Rs are present, but each of the two Rs may have a different structure). Herein, in order to 
provide a film wfth high water repellency. r*=6 to 1 0 is preferable. 

[0064] Note here that, as the ratio of the sflane coupling agent (B) Increases, the water repellency of the film Is 
ss improved, but conversely the wear resistance thereof decreases. Conversely, as the ratio of the molecules (B) de- 
creases, the wear resistance of the film Is improved but the water repellency thereof decreases. The present Inventors 
have found that when the mol ratio of the sllane coupling agent (B)/the silane coupling agent (A) - 0.001 to 0.2 is 
satisfied, a film with excellent water repellency and excellent wear resistance can be realized. 
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[0065] In order to apply the coating solution to the substrate so as to form a film, the coating eolation desirably has 
fluidity. To thfe end, it Is desirable that only a part of the ellane coupling agents In the coating solution is polymerized 
This Is because if all of the sifane coupling agents are polymerized, the coating solution becomes a gel (a solid state 
includ ng Some liquid characteristics, exemplified by agar, bean curd, eta) and loses fluldliy, making ft Impossible to 
apply It to the substrate. In the case where X of the eilane coupling agent Is chlorine, the reactivity of the coupling part 
Is too high. Therefore, unless the amount of water Is strictry controlled, the coating solution easily becomes a gel. On 
the contrary, m the casa where X is an alkoxyl group, hydrolysis and dehydration polymerization reaction proceed 
slowly In the presence of water and acid, so that the coating solution can be applied to the substrate easily, 
pose) rn order to cany out hydrolysis and dehydration polymerization reaction of a silane coupling agent having 
silane coupling pans of a In number per molecule completely so as to form a three-dimensional polymer, water mole- 
cules of <tf2 In number are required for one molecule of the silane coupling agent, as determined theoretically from the 
formulas Formula 1 to Formulas. Practically, however, even when the theoretically required amount of water Is present, 
the sffane coupling parts do not react completely, and the degree of progress of the reaction will be different depending 
on the types of the silane coupling agents. This is because the reaction speed of Formula 1 to Formula 3 fs varied 
depending on the conditions such as the three-dimensional structure of molecules of the silane coupling agent the 
types Of functional groups located in the vicinity of the silane coupling parte, and the types of the catalyst. Generally 
however, as the amount of water molecules increases, the reaction speed Increases, if the amount of water is Increased 
too much, the polymerization of the sltene coupling agent proceeds excessively, resulting in the failure of dissolving ft 
in the coating solution, which causes the tendency of the coating solution to become cloudy. When the cloudy coating 
solution is applied to the substrate, a uniform film cannot be obtained. The present inventora have found that in the 
case of thesilanecoupling agent(A) having abenzene ring. IFthemol ratio of waterAnoleeule (A)= 20to 150 is satisfied, 
the silane coupling agent can react sufficiently so that the coating solution does not get cloudy, whereby a film with 
excellent wear resistance, in which three-dimensional polymerization proceeds sufficiently, can be formed, 
[0067] In order to form a uniform film by applying the coating solution to the substrate, It Is necessary for the coating 
solution to have a sufficient wettability with the substrate. Meanwhile, when aeoluriop, in which straight-chain molecules 
having afiouoroalkyl chain at one end and a hydrophiijc group attha other end are dissolved, is exposed to a substrate 
the straight-chain molecules are absorbedto the substrate so that the hydrophrfte group side is directed to the substrate 1 
sjde and the fluoroalkyl chain side is directed to the opposite side. As a result, the surface of the substrate exhibits 
water nepeilency. Since a part of thesilanecoupling agent (B) of the costing solution Is hydroiyzed to have a hydrophilic 
silanol group, when the coating solution Is applied to the substrate, the silane coupling agent fs absorbed to the out- 
ermost surface of the substrate {Fig. 4). in Fig. 4, reference numeral 91 denotes a solution in which etraight-chaln 
molecules are dissolved, 92 denotes the straight-chain molecules in the solution, 93 denotes a straight-chain molecule 
that Is absorbed to the surface of a substrate, 94 denotes the substrate, 95. denotes a water-repellent portion of the 
straight-chain molecule and 96 denotes a hydrophilic portion of the straight-chain motecufe. Due to this configuration 
the surface of the substrate has water repellency, so as to repel the coating solution (Figs. 6A to C). resulting In the 
failure of the uniform application of the coating solution to the substrate. The present Inventors have found that even 
jn the case of the coating solution including a silane coupling agent having a fluoroalkyl chain, the surface tension of 
the coating solution can be reduced by mixing alcohol Including fluoroearbon therewith, whereby the wettability with 
the substrate remarkably can be improved. In Figs. 5A to C, reference numeral 121 denotes a coating solution, 122 
denotes a substrate, 123 denotes a surface exhibiting water repeDency and 124 indicates a coating solution In the 
state where the coating solution has reduced wettability with the substrate so as to be repelled ageJnat the surface of 
the fiub&rrfttf). 



[006B] Furthermore, as a result of the detailed examination by the present inventors as to the procedure for applying 
the coating solution to the substrate so as to form a thin film, it has been found that, when a dew point of the atmosphere 
for applying the coating solution to the substrate is lower than the temperature of the atmosphere by 5*D or more a 
uniform film can be produced on the substrate. TTte reason for this will be described below. That is to say after the 
coating solution Is applied to the substrate, an organic solvent In the coating solution is evaporated, and the heat 
caused by the evaporation lowers the temperature of the substrate. Therefore, the surface temperature of the substrate 
becomes lower than the atmosphere to which the substrate Is exposed. When the temperature difference between the 
surface of the substrate and the atmosphere is Increased, the water vapor contained in the atmosphere condenses on 
the surface of the substrate. This occurs from the same principal as In the phenomenon in which, when cold drink Is 
poured Into a glass on a hot day In the summer, water droplets are formed on an outer side of the glass. If the con- 
densation of water contents occurs on the substrate, the surface tension of the coating sofutlon increases, which de- 
teriorates the wettability of the coating solution to the substrate. As a result, it becomes difficult to form a uniform film. 
As a result of the repetition of various experiments by the present inventors, H has been found that when a dew point 
of the atmosphere b lower than the tomperature of the atmosphere by 5°C or more, the condensation does not occur 
on the surface of the substrate. 



10 

PAGE 23/56 * RCVD AT 7/13/2006 8:54:59 AM [Eastern Daylight rime] 1 SVR:USPTO-EFXRF-6/25 1 DNIS:2738300 * CSID:3029924773 1 DURATION (mm-ss):15-58 



JUL. 1 3.2006 9:00AM 3029924773 DUPONT PAT REC CTR 



NO. 8254 P. 24 



EP1388 951 A1 

[Embodiment 8] 

[0069J The sixth embodiment of the present invention relates to a method for producing a water-repellent film on a 
sofld substrate. The method includes the steps of: applying a first coating solution to the substrate, where the first 
coating solution Is prepared by mixing a silane coupling agent having reactive functional groups at both ends and 
Including a fluorocarbon chain In the middle part, an organic solvent, water and an acidic catalyst; applying a second 
coating solution to the substrate, where the second coating solution Is prepared by mixing a silane coupling agent (A) 
having reacuve functional groups at both ends and including a hydrocarbon chain In the middle part, a silane coupling 
agent (B) having a fJuorocarbon chain at one end and a reactive functional group at another end, an organic solvent, 
water and an acidic catalyst; and heating of the substrate so as to form a polymer with the allahe coupling agent (A) 
and the silane coupling agent (B). 

[0070] As the silane coupling agent In the first coating solution, for example, ^Q^IC^C^n C^SiRj.^ (X 
represents an alkoxyl group, Q and R represant a methyl group or an ethyl group; n represents a natural number 
between 1 and 10; s and m represent a natural number between 1 and 3, when s=1 and m=1 are satisfied, two Qs 
and Rs are present respectively, but each of the two Qa and fts may have a different structure). Generally, a fluorine 
atom In the compound has a high electronegativity, having a property of attracting electrons of a neighbor atom. In the 
silane coupling agent of the present Invention also, a fluorine atom attracts electrons from a neighbor atom, resulting 
in the shortage state In electrons of silicon. As a result, the bonding between the silicon and X becomes Ionic bonding, 
In which hydrolysis proceeds easily. Therefore, the reactivity of the silane coupling agent having a fluorocarbon chain 
is higher than that of the silane coupling agent including a hydrocarbon chain only, and hydrolysis and dehydration 
polymerization reaction proceeds sufficiently, so that the polymerization degree of the film increases and the film be- 
come robust. Furthermore, when the substrata Includes hydroxy! groups, the slloxane bonding with the substrata Is 
easy to be formed, so that the film can be fixed to the substrate firmly. Moreover, the fluorocarbon chain is stiff (the 
flexibility permissible for the molecular structure is reduced), and therefore this silane coupling agent is packed densely 
*5 thus making the film robust 

[00711 The coating solution for the second layer Is the same as the coating solution described In Embodiment S. 
Right after the application of the first coating solution to the substrate, there are a number of silanol groups in a hydro- 
ly*ed state In the silane coupling agent For that reason, when the second coating solution Is applied to thte, followed 
by baking, then the silane coupling agent in the second coating solution forms the slloxane bonding with the silane 
so coupling agent in the first coating solution so that these two films are boned to each other flrmr/. The present inventors 
have found that, as a result of these steps, the first-layer Aim functions as an adhesion layer between the second-layer 
film and the substrate, so that the water-repellent film can be bonded to the substrate firmly. 
P 072 ] ^ B ra » wnen tne firs t coating solution and the second coating solution are applied continuously, the temperature 
— ' of the final baking c armottw made hfghw tharrtrre huaH u &l&tanUu ni ^ra t ur o of th fr s e e o nd« l ay ertlm :Th l s rs because — 
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& the heat resistance of the second-layer film having the hydrocarbon chain Is lower than that of the first-layer film. Thus, 
after the first coating film Is applied to the solid substrate, followed by the heating at 100 fl C to 3oo°C, inclusive, the 
second coating solution Is applied to the substrate, whereby the density of the first-layer film and the adhesion of the 
same to the substrate can be improved. In this case also, since there are a number of silanol groups on the surface 
of the first-layer film after baking, the adhesion between the first-layer fHm and the second-layer film rs high. 

40 [°°73] This embodiment Is especiairy effective for forming a water-repellent film with high adhesion on a substrate 
with a low density of hydroxyl groups on the surface thereof, such as platinum and mica. 

[Embodiment 7] 

« 5 [0074] The seventh embodiment of the present invention relates to a method for producing a water-repellent film on 
a soOd substrate. The method Includes the steps of: applying a first coating solution to the substrate, followed by baking, 
where theTIrst coating solution Is prepared by mixing tltanalkoxJde, eUteonaJkoxide.an organic solvent, water and acidic 
catalyst; apprying a second coating solution to the substrate, where the second coating solution Is prepared by mixing 
a silane coupling agent having reactive functional groups at both ends and Including a fluorocarbon chain In the middle 
so part, an organic solvent water and an acidic catalyst applying a third coating solution to the substrate, where the third 
coating solution is prepared by mixing a silane coupling agent (A) having reactive functional groups at both ends and 
Including a hydrocarbon chain in the middle part, a silane coupling agent (B) having a fluorocarbon chain at one end 
and a reactive functional group at another end, an organic solvent water and an acidic catalyst; and heating of the 
substrate so as to form a polymer with the silane coupling agent (A) and the silane coupling agent (B). 
[0075] The titanalkoxide includes titanium tetraethoxide OKOCaHJ^, titanium tetra normal propoxide (Ti 
{OCgfyCHaM, titanium tetra faopropoxtde rnpCHCHsCH^), titanium tetra normal butoxide fTUOCg^CHg)^, etc. 
The elllconalkoxide Includes tetra methoxysilane (SKOCHgJJ, tetra ethoxyeliane (Si(OC 2 H5) 4 ), etc. Here, the titan- 
alkoxide generally hae high reactivity, generating hydrolysis and dehydration polymerization reaction with e small 
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■mount of water, which makes ma coating solution unstable. Therefore, in order to aupprese the reaction of the tftan- 
alkox Mb, an inhibitor is added to the coating solution. As the Inhibitor, for example, a B- dlketone compound such as 

T ^ ^ d "* aVHilable - When "wfrrtcoaHng ^lutior, is applied toThe substrate, 

followed by baking, then a mixed film of titanium oxide 010,,; 0<X£2) and silicon oxide (SiQ,; 0<ysa) is formed After 
that the second andthe third coating solutions are applied to this film In the same manner aelh Embodiment 6, whereby 
a water-repellent film having alkali resistance can be formed. Poaimem t>, wnereoy 

£0076] Here, the titanium oxide In the first-layer film provides the film with alkali resistance. The silicon oxide has a 
9 Hanoi group, and fay virtue of the hydrogen bonding or the siloxane bonding of this silanol graup. the eecond-layer 

found that, in he case where the first layer does not contain silicon oxide at all, if the water-repellent film is soaked in 
an aniline solution for a longtime, then the second layer sometimes peels off the urn layer. In addition, the present 
inventors have found mat, In the case where a water-repellent film Is fomied on a substrate made of such as platinum 
andmtea with reduced oxide film and active oxygen on the aurtece thereof, this first-layer film Is effective 
£0077] As the temperature for baking the first layer is Increased, the film with better adhesion with the substrate and 
higher alkali resistance can be formed. Preferable temperatures are 300»C to WC 

[00781 ThisembodimBntteespeda^effectfveforformlnaawater-repellentfiimona glass or a ceramic with reduced 
aiKari resistance. 



[Embodiment 8] 



!K Jln£ S£ ^T 8n , ^V***" 1 fnverti ™ relates to a method for producing a water-repellent Aim on 
u, i includesthesteps of: applying e fust coating solution to the substrate, follow** by baking 

at 300 c or higher, where the first coating solution Is prepared by mixing tJtanalkox.de. slllconalkoxlde, an organic 
solvent, water and acidic catalyst; applying a second coating solution to the substrate, where the second coating so- 
ISH ~TT d Hl ml)Clng a C0UpKn9 aflent hav ^ a ^™<**on chain, an organic solvent, watsr and an 
acidic catalyst; and heating the substrate at 1 00-C or higher. In the first coating solution, a ratio of the siliconaJxoxide 
to the irtanalkoxJcle ranges from 1 0% to 30% In terms of mob 

ma! propose TCOW*W, titanium ten* isopropoxlde ^(OCHCHsC^, titanium tetra normal butoxide (TI 
iggaHeCHa)^, etc The eflteonalkoxlde includes tetra methoxysilane (SKOCHaU tetra ethoxysllane (Sjfoa,H B U 
et^Here, the titanalkoxlde generally has high reactivity, generating hydrolysis and dehydration polyrnerizatlon rLSon 
wrth a emaJlamount of water, which makes the coating solution unstable. Therefore, in order to suppress the reaction 
of the tltanalkoxide, an inhibitor is added to the coating solution. As the inhibitor, for example, a p- diketone compound 
such as aeetyiacetone and acetoacetic ester, and amine are available. When the first coating solution is applied to the 
substrate, followed by baking, then a mixed film of titanium oxide (Tio x ; 0<X<2) and silicon oxfde (SIO, 0<ys2) is 
formed^ in addition similarly to Embodiment 5, the siiane coupling agent having a fluorocarbon chain Irjcludes CF 3 
(CP^CaH^siRs.^ (R represents a methyl group or an ethyl group; n represents a natural number between 1 and 
12; m represents a natural number between 1 and 3, when m=1 Is satisfied, two Rs are present, but each of the two 
Ra may have a different structure). Herein, in order to provide a film with high water repellency, r*=6 to 1 0 Is preferable 
n addition, In order to control the reaction of the coating solution favorably, X is preferably an alkoxyl Group. Moreover 
In order to form a higher density Aim, m preferably equals 3. ' 
P081J In the siiane coupling agent in which an alkoxysilyl group is bonded only to one end of a fluorine straight- 
chain molecule, it is difficult to form a three-dimensional polymerized film, and the density of the film is lower than that 
of thefilm of Embodiment 1 and therefore an alkaline solution easily penetrates through the film. The present frrve^ 
however, have found that, when a ratio of silicon atoms to titanium atoms In the titanium and silicon oxide film as the 
first layer Is In the range from 20% to 30% in terms of mols. sufficient hydroxy! groups are present so that the siiane 
coupling agent fn the second layer can be attached thereto with high density, and moreover the film has resistance 
against an alkaline solution. 

E0082J As the temperature for baking the first layer is increased, the film with better adhesion with the substrate and 
higher alkali resistance can be formed. Preferable temperatures are 300*0 to 500*C, 

[Embodiment 9] 

[0083] The ninth embodiment of tile present Invention relates to an ink Jet nozzle. As shown In Fig. 8, this embodiment 
includes as construction components a nozzle plate 33 having a nozzle hole 34 from which ink is discharged and an 
Ink jet nozzle 30 in which a water-repellent film 39 is formed on an Ink^iischarglng side of the plate. As the water- 
repellent film, the water-repellent film described In Embodiments 1 to 4 is used. 
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[Embodiment 10] 

[0084] The tenth embodiment of the present invention relates to a method for producing an ink Jet nozzle, in which 
a water-repellent film Is formed on a nozzle plate by the methods of Embodiment 5 to 8 of the present Invention, 

[Embodiment 11] 

[01385] The elevorth embodiment of th^ Fig, 7sche- 

matically shows the overall configuration of an Ink Jet type recording apparatus having an ink Jet head of the present 
Invention. An Ink jet type recording apparatus 140 of this drawing Is equipped with an InkJet head 141 of the present 
invention that conducts recording utilizing a piezoelectric effect by a piezoelectric element. Drops of Ink that are dis- 
charged from this Inkjet head 141 arrive on a recording medium 142 such as paper, whereby recording is conducted 
on the recording medium 142. The InkJet head 141 is mounted on a carriage 144 that Is provided along a carriage axis 
143 arranged in the main scanning direction X. In accordance with reciprocating motion of the carriage 144 along the 
carriage axis 143, the Inkjet head 141 also performs reciprocating motion In the main scanning direction X. The Ink 
Jet typo recording apparatus 140 further Includes a plurality of rollers (moving means) 145 that move the recording 
medium 1 42 relatively In the sub-scanning direction Y that is substantially perpendicular to the width direction of the 
Inkjet head 141 (Le., the main scanning direction X), 

[0086] The following describes epecific examples of the present Invention. Note here that the present Invention Id 
so not limited to the following examples. 

[Example 1] 
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[0087] A stainless substrate (SUS304) having a size of 5 cm x s cm and a thickness of 0,2 mm was used as a 
substrate. A coaling solution was prepared by mixing chemical substances having the following components: 



(DEthanol: 60 ml 

(2) 1 ,6- bis(trimethoxysity|)heKene ((C^O^GH^gSKGCHa)^: 4 ml 

(3) (2-perfluomoctyl)emyltrlmethD 1 m | 
» (4) Water. 1 ml 

(5) Hydrochloric add (36vol%): 0.1 ml 

[0D88] The mixed solution of these was applied to the substrata by spin coating. The spin coating was carried out 

—a t 800 rpm fcr . ?n second*. Thffreaffor thr* inhfftnihxwfM rtrteH fttmwn t^rr^firrm; f nr j ^ }T % f n ||^y n f1 hy h i king nt 

35 200 B C for 30 minutes. Here, the environment during spin coating was eet at a temperature at 24«C and a relative 

humidity of 34%. A dew point In this environment was S°C. 

[0089] Here, for reference, water-repellent coating films were produced uelng conventionally used methods. 

(a) Comparative Example 1 (conventional example 1> 

[0090] 400 ml of reactive solution was prepared In which 1vol% of (2s>erfluoroocty|)ethyltrichlorosilane (CF 3 
(CF 2 ) 7 C 2 H 4 SiCfe) was dissolved in perfluorooetane and this solution was poured into a 500 ml-beaker. m addition, 
three SO0 ml-beakers were prepared, and approximately 400 ml of perfluorooetane was poured into each of th e beakers. 
[0091] Next, a substrate was Soaked In the beaker containing the reactive sdutfon for2 hours. Tnereefter. the sub^ 
etrate was taken out and was washed in the bedker containing perfluorooetane. The washing was conducted using 
the three beakers sequentially. As a result, a monomotecular film of fluoroalkyf trlchlorasilane was foimed on the sub- 
strate. These operations were all performed In a glove box filled with a dry nitrogen atmosphere. 

(b) Comparative Example 2 (conventional example 2} 

[0092] A coating solution was prepared by mfxfng chemical substances having the following components: 
(DEthanol: 100 ml 

(2) Tetraethoxysflane (Si(OC 2 H 5 )4): 25 ml 

(3) (2-perfluorooctyDeihyltrimethoxysllane (CRafCFaJyCgH^SKOCH^): 4 ml 
(6) Hydrochloric add (36vor%): 0.4 ml 



13 



PAGE 26/56 * RCVD AT 7/13/2006 8:54:59 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-€/25 * DNIS:2738300 * CSID:3029924773 * DURATION (mm-ss):15-68 



JUL. 1 3.2006 9:01AM 3029924773 DUPONT PAT REC CTR 



NO. 8254 P. 27 



BP 1 386 951 A1 

[0093] This coating solution was applied to the substrate by eprn coating under the condition at 3 OOO mm for 20 
seconds. Thereafter, the substrate was baked at 3DO°C for 30 minutes. ' 
[0094] Evaluations of the water-repellent films were conducted In terms of the following three items: 

s Evaluations of water repefiency 



[0096] 



10 



(1 ) A static contact angle of the water-repellent film to pure water was measured. 

(2) Alkali resistance: A substrate to which a Water repellent film has been applied was soaked In a buffer solution 
of P H - 8.0 and was allowed to stand at 80' C for 1 00 hours. Then , the substrate was taken ou t and a static contact 
angle to pure water was measured, Note here that the buffer solution was prepared by appropriately mtxjnq the 
following solutions A and B so that the mixed solution had pH »=» 8.0. 

Solution A: 0.2 M boric acid, 0.2 M potassium chloride 
15 Solution B: 0.2 M sodium carbonate 

(3) Evaluations of Wear resistance 



[0096] A cloth (cotton 100%) wetted with water was pressed against a water-repellent film under a load of 2X10* 
dyn/cm* (about 0.2 kg^elght/cm*), and the water-repellent film was rubbed with the cloth by moving It back and forth 
*° for 1 ,000 times, A static contact angle of the thus rubbed water-repellent film to pure water was measured 

[0097] The results of the evaluations of the water-repellent film prepared In this Example are shown in Table 1. As 
shown m Table 1 , a water-repellent film with high alkair resistance and excellent wear resistance could be realized as 
compared to the water-repellent films produced by the conventional methods. 

[Example 2] 



[0098] A stainless substrate (SUS304) having a size of 5 cm x 5 cm and a thickness of 0.2 mm was used as a 
substrate. A first coating solution and a second coating solution were prepared by mixing the respective chemical 
substances having the following components: * 

so 

First Coating Solution 



[0099] 

** (1 ) Mixed solution of ethanol and 2,2,2-trffluoroethanol (mixing at the volume ratio of 8 • 2)- 60 ml 

(2) l^-blsftrimethoxysBylethyOperfluorollexane ((CHsO^SICaH^CF^Cj^SKOCH^): 6 ml 

(3) Water: 1 ml 

(4) Hydrochloric acid (3Bvo|%): 0.1 ml 
Second Coating Solution 

[0100] 

(1) Mixed solution of ethanol and 2,2,2-trffluoroethanol (mixing at the volume ratio of 8: 2)' GO ml 
« 1 ,6-bls(trimethoxy&ily])hexane ((CH 3 0) 3 SI(CH 2 ) B SI(OCH3)3): 4 ml 

(2) (2-perfluorobctyl) ethyftrimethoxysUane (CFaPF^^SHOCriO*): 1 ml 

(3) Watenl ml 

(4) Hydrochloric acid (36vor%): 0.1 ml 



50 



55 



[01 01] Firstly, the first solution was applied to the substrate underthe condition at 3,000 rpm for 20 seconds , followed 
by the application of the second coating solution at 800 rpm for 20 seconds. Thereafter, the substrate was dried at 
room temperatures for 1 hour, followed by baking at 200*C for 30 minutes. Here, the environment during spin coating 
was set at a temperature at 24*c and a relative humidity of 34%. A dew point In this environment was 5*C. 
[0102] The results of the evaluations of the water-rep silent film prepared fn this Example are shown In "Table 1. With 
this example, a water-repellent film with high alkair resistance and excellent wear resistance could be realized as 
compared to the water-repellent films produced by the conventional methods. Here, in this example, the first layer 
functioned so as to improve the adhesion between the water-repellent film and the substrate, and therefore the wear 
resistance coufd be improved compared to Example 1. 
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[Example 3] 

10103] A water-repellent film was formed in a similar manner to Examples However, a/terthe second coating solution 
was applied to the substrata, followed by baking at 300° C for 10 minutes, then the second coating aoiu Hon was applied 

[01 04] The results of the evaluations of the water-repellent film prepared in this Example are shown in Table 1 . With 
this example, a water-repellent film with high alkali resistance and excellent wear resistance could be realized as 
compared to the water-repellent films produced by the conventional methods. 

10 [Example 4] 

[0105] A stainless substrate (SUS304) having a size of 5 cm x 5 cm and a thickness of 0.2 mm was used as a 
substrate. 

[0106] A first coating solution, a second coating solution and a third coating solution were prepared by mixing the 
w respective chemical substances navrng the following components: 

First Coatlng_Sohjtfon 

[0107] 

SO 

(1) Mixed solution of ethanol and 2,2.2-trifluoroethanol (mixing at the volume ratio of B ; 2): 50 m! 

(2) Titanium tetra isopropoxide: 1 0 ml 

(3) Tetraethoxysllane: 2 ml 

(4) Acetylacetone: 3 ml 

2s (5) Hydrachlorlo add (3Bvol%): 0.2 ml 
(6) Water: 2 mJ 

Second Coating Solution 

90 [0108] 

(1) Mixed solution of ethanol and 2,2,2-trifluoroethanol (mixing at the volume ratio of 0 : 2): 60 ml 

(2) 1.e-bls(ti1methoxy6llylethyl)pBrfluorohexflne ((CHaOJsSIC^^CF^BCgH^KOCHa^): 6 ml 

(0) Water: i ml ■ _ 

** (4) Hydrochloric acid (36vol%): 0.1 mJ 



so 



Third Coating Solution 
[0109J 

(1) Mixed solution of ethanol and 2££-trifluoroethanof (mixing at the volume relio of 8 : 2): 60 ml 1 .B-bteftrimeth- 
oxysilyl)hBxane ((CHaO^SKCH^SitOCH^: 4 ml 

(2) (2^erf!uoiooctyl>ethyitr1methoxysnane (CFgfCF^^fySICOChya); 1 ml 

(3) Waten 1 ml 

(4) Hydrochloric acid (36voJ%): 0.1 ml 

[01 10] Firstly, after the first solution was applied to the substrate by spin coating under the condition at 3,000 rpm 
for 20 seconds, the substrate was dried at room temperatures for 1 hour, followed by baking at 450°C for S minutes. 
Next, In the state where the substrate returned to room temperatures, firstly, the second coating solution was applied 
to the substrate under me condition at 9, Ooo rpm for 20 seconds, followed by the application of the third coating sortition 
at 800 rpm for 20 seconds. Thereafter, the substrate was dried at room temperatures for 1 hour, followed by baking at 
200°C for 30 minutes. Here, the environment during spin coating was set at a temperature of 24°G and a relative 
humidity of 34%. A dew point In this environment was 5°C. 

[01 1 1 ] The results of the evaluations gf the water-repellent film prepared in this Example are shown In Tab fe 1 . With 
this example, a water-repellent film with high alkali resistance and excellent wear resistance could be realized as 
compared to the water-repellent films produced by the conventional methods. Here, in this example, the adherence 
between the first layer and the substrate or the second layer was excellent, and therefore the wear resistance could 
be improved compared to Examples 1 and 2, 
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[Example 5] 

[0112J A water-repellent film was formed in a similar manner to Examples However, after the second coating solution 
was applied to the substrate, followed by baking of the substrate at 300*C for lOmlnutea, then the third coating solution 
5 was applied thereto. 

[0113] The results of the evaluations of the water-repellent film prepared in this Example are shown in Table 1 With 
this example, a water-repellent film with high alkali resistance and excellent wear resistance could be realized as 
compared to the water-repellent films produced by the conventional methods. 

to [Example 6] 

[0114] A water-repellent film was formed in a similar manner to Example 4. However, instead of 1 ,6-bis(tr]methox- 
ysiryl)hexflf)6 r * 

1 ,2-bls{tri ethoxys]iyl)ethane ((0^50)381(012)281(002^)3) was used In the third coating solution,. 
[01 1 6] The results of the evaluations of the water-repellent f dm prepared in this Example a re shown in Table 1 With 
this example, a water-repellent film with high alkali resistance and excellent wear resistance could be realized as 
compared to the waterwrepellent Alms produced by the conventional methods. 

[Example 7] 

[0116J A stainless substrate (SUS304) having a size of 5 cm x 5 cm and a thickness of 0.2 mm was used as a 
substrate. The below mentioned solutions C-1 and C-2 were prepared. 

Solution <M 
[0117] 

(1) Mixed solution of ethanol and 2 f 2,2-trffluoroethanoi (mixing at the volume ratio of S : 2): 30 ml 

(2) l^-bis^methoxysIlylethyObenzene 

50 ((OHaOJaSICaH^CgH^aH^Si^Ha)^: 2 ml 

Hereinafter, this chemical substance will bs referred to as a sllane coupflng agent (A). 

(3) (2-perfluorooctyi)ethyltrtmethoxysllane (0F 3 (CF 2 ) 7 C z H4SI(0CH s )g); 0.2 mJ 

Hereinafter, this chemical substance will be referred to as a silane coupling agent (B). 

35 Solution C-2 
[0118] 

0) Mixed solution of ethanol and 2^,2-trifluoroothanof (mixing at the volume ratio of a : 2)- 19 5 ml 
40 (2) Pure water 30 ml 

(3) hydrochloric add (36 voi%): 0.5 ml 

[01 19] SmaO amount of the solution C-2 (5 mi) was dropped Into the solution C-1 while stfrring the solution C-1 with 
a stirrer. After dropping, stirring was carried out for about one hour so as to prepare a coating solution, in this coating 
45 solution, trie mof ratio of pure water/sllane coupling agent (A) was about 30 and the mol ratio of the sflane coupling 
agent (Bythesflane coupling agent (A) was about 0.1 . This mixed solution was applied to the substrate by spin coating. 
The spin coating was carried out at 3,000 rpm for 20 seconds. Here, the environment during spin coating was set at 
a temperature at 24°C and a relative humidity of 34%. A dew point In this environment was 5°C. Thereafter, the substrata 
was dried at room temperature for one hour, followed by baking at 200 °C for 30 minutes. 
[0120] The results of the evaluations of the water-repeUent film prepared In this Example are shown in Table 1 . With 
this example, a Water-repellent film with high alkali resistance and excellent wear resistance could be realized as 
compared to the water-repellent films produced by the conventional methods. 

[0121] Here, since 1 ,4-bls(trlmfithoxysllylethyi)ben2ene used In this example Includes a benzene ring, this substance 
is stlffer compared to 1 ,B-bis(trimemoxysilyl)hexane used In Example 1 (the flexibility permissible for the molecular 
structure is reduced), and therefore this molecule Is packed densely and the film density is increased, thus improving 
the wear resistance. 

[0122] From the results of Table 1 . a difference In wear resistance between this example and Example 1 cannot be 
found so much. However, when dry tissue paper (pulp 1 00%) was used instead of the wetted cloth In the wear-resistance 
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test, a difference in their properties became remarkable. That is to say, when the water-repellent film produced in this 
example and the mm produced In Example 1 were rubbed with dry tissue paper for 500 times and the state of film 
surface was observed, the film surface of this example had about 10 scratches, whereas, in the case of Example 1 , 
about 30 scratches were observed. It can be assumed that, In the state of absence of water, the pulp of the tissue 
s paper functioned as an abrasive in the wear-resistance test, by which the difference in the degree of scratches was 
generated due to a difference in the density of the film. 



[Example B] 



to [01 23 J A water-repellentfifrn was formed In a similar manner to Example 2. However, the coating solution of Example 
7 was used as the second coating solution. The results of the evaluations of the water-repellent film prepared in this 
Example are shown In Table 1 . With this example, a water-repellent film with high alkali resistance and excellent wear 
resistance could be realized as compared to the water-repellent films produced by the conventional methods. 
[0124J Here, since 1 ( 4^bis(trimethoxysiryle%|)oenzene used in this example Includes a benzene ring, this substance 

** Is stlffer compared to 1 .B-bisitnmethoxystrylJhexane used In Example 2 (the flexibility permissible for the molecular 
structure Is reduced), and therefore this molecule Is packed densely and the film density is increased, thus improving 
the wear resistance. 

[0125] From The results of Table 1, a difference in wear resistance cannot be found so much. However, when dry 
tissue paper (pulp 1 00%) was used Instead of the wetted cloth in the wear-resistance test, a difference In their properties 

w became remarkable. That is to say, when the water-repellent film produced in this example and the film produced in 
Example 2 were rubbed with dry tissue paper for 500 f mes and the state of film surface was observed, the film surface 
of this example had about 1 0 scratches, whereas, In the case of Example 2, about 30 scratches were observed. It can 
be assumed thai, In the state of absence of water, the pulp of the tissue paper functioned as an abrasive In the wear- 
resistance test, by which the difference in the degree of scratches was generated due to a difference In the derrsltv of 

25 the film. 



[Example 9] 

[0126] A water-repellent film was formed In a similar manner to Example 4. However, the coating solution of Example 
to 7 was used as the third coating solution. The results of the evaJuations of the water-repellent film prepared In this 
Example are shown In Table 1 . With this example, a water-repellent film with high alkali resistance and excellent wear 
resistance could be realized as compared to the water-repellent films produced by the conventional methods, 
[01 27] Here, since 1 ^-bfeftrfmethoxysllyfethyObenzene used In this example Includes a benzene ring, this substance 

kHSff f e r comparo d- t o 1,6 - bls(tmi e th o xy e ny0fl 6 x a n o u sed-l n . E xample 4-fthe flexbllfty pfl rmtedhiA top ai ejn oleculaf 

S5 structure is reduced), and therefore this molecule Is pasted densely and the film density Is Increased, thus Improving 
Ihe wear resistance. 

[0128] From the results of Table 1 , a difference in wear resistance cannot be found so much. However, when dry 
ttesuepaper (pulp 100%) was used Instead of the wetted cteth in the wear-resistance test, a difference in their properties 
became remarkable. That is to say, when the water-repellent filrn produced in this example and the film produced in 
40 Example 4 were rubbed w|th dry tissue paperfpr SOO times and the state of film eurtace was observed, the film surface 
of this example had about 1 0 scratches, whereas, In the case of Example 4, about 30 scratches were observed, It can 
be assumed that, in the state of absence of water, the pulp of the tissue paper functioned as an abrasive in the wear- 
reefstance test by which thB difference In the degree of scratches was generated due to a difference in the density of 
the film. 

43 

[Example 10] 



[01 29] A water-repellent film was fo/med in a similar manner to Example 4. However; the coating solution of Example 
7 was used as the third coating solution. In addition, the baking temperature after the application of the third coating 
so solution was set at 300°C for 1 5 minutes. 

[0130] The results of the evaluations of the water-repellent film prepared In this Example are shown In Table 1 . Wfth 
this example, a water-repellent film with high alkali resistance and excellent wear resistance could be realized as 
compered to the water-repellent films produced by the conventional methods. 

[0131] Here, since the third-layer water-repellent film used in this example had high heat resistance because It In- 
55 duded a benzene ring, this film could be baked at a higher temperature compared to the film produced in Example 4, 
for example, that Included a hydrocarbon chain only. Generally, as the baking temperature Increases, the dehydration 
polymerization reaction of the sllane coupling agent increasingly proceeds and a polymer film with a higher density 
can be formed, so that the hardness of the film and the adhesion thereof to the substrate increases. Therefore, as 
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shown In Table 1 ae well, the wator-reperient film produced In this example has higher wear resistance compared with 
the other water-repellent Alms that were bated at 200*0. 

L°,l 321 Rjrthermor9 ' s *m»arly, a dlfferencs In wear-resistance from the film produced In Example 9 was examined 
When dry tissue paper {pulp 1 00%) was used Instead of the wetted doth in the wear resistance test a difference In 
their properties became remarkable. That la to say, when the water-repellent film produced in this example and the 
film produced in Example 9 were rubbed with dry tissue paperfor 500 times and the state of film surface was observed 
the film produced In this example had no scratches on the surface thereof, whereas, in the case of Example 9 about 
1 0 scratches were generated. This indicates that, even when the same coating solution Is applied, the wear resistance 
can be improved In the film of this example that was baked at a high temperature than in the film of Example 9 baked 
at a lower temperature. p 





Pkbie 1] 




Evaluation Results of Water-repellent Films Produced In Examples and Comparative Examples 


13 


Types of water repellent films 


Static contact angle to water (deg) 






Initial value 


Valueaftersoaked in solution of 
pH=8 at 70°C for 100 hours 


Value after wear-resistance test 
with wetted cloth 




Example 1 


101 


100 


92 


20 


Example Z 


101 


100 


95 




Example 3 


101 


100 


9B 




Example 4 


101 


101 


100 


25 


Examples 


101 


101 


100 




Example 6 


101 


100 


100 




Example 7 


101 


100 


100 




Example B 


101 


100 


100 


30 


Example 9 


101 


100 


100 




Example 10 


101 


100 


101 




Comp. Example 1 . 


110 


15 


109 


55 


Comp. Example 2 


104 


5(fi!mwes dissolved) 


103 



[Example 11] 



[0133] A stainless substrate (SUS304) having a size of 3 cm x 3 cm and a thickness of 100 u/n was used as a 
M substrata. A coating solution was prepared by mixing chemical substances having the following components; 

(1) Mixed solution of ethanol and 2^,2-trlfliJoroethanof (mixing at the volume ratio of e : 2): 60 mJ 

(2) 1 # e-bis(trimethoxysflyOhexane ((CHaO^CHsJeSifOCHa)^; 4 ml 

(3) (2-pernuorooclyl)ethyMmethoxyslIane (CFsfCF^Cg^SKOCHjk): 1 ml 
4J (4) Water: 1ml 

(5) Hydrochloric acfd (36vo|%): 0.1 ml 

toi 34] The mixed solution of these was applied to the substrate by spin coating. The spin coating was carried out 
at 600 rpm for 20 seconds. Thereafter, the substrate was dried at room temperatures lor 1 hour, followed by baking at 
M 200°C for 30 minutes. Here, the environment during spin coating was set at a temperature at 24°C and a relative 
humidity of 34%. A dew point in this environment was 5*C. Thereafter, 400 through holes for nozzles having a diameter 
of 30 um ware bored in the substrate to form an ink Jet nozzle (hereinafter described as a nozzle plate), and this was 
assembled as a print head, which was incorporated into an ink jet printer. 

[0135J Evaluations of the nozzle plate ware conducted In terms of the following four Items: here, the Ink used in the 
^ evaluations was black ink With pH=9.0 and a surface tension of 35 dyn/crn. The ink was prepared by mixing black dye 
glycerin, a penetrant, a pH adjuster and water at a predetermined ratio. The evaluations (A) to (CV were conducted 
using a substrate without nozzle holes. 
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A. Evaluation of water repellency 

[01 36] A static contact angle and a receding contact angle of a water-repellent film to the Ink were measured Fur- 
thermore, about 30 ul of Ink was dropped onto the nozzle plate, and was wiped with a rubber blade made of polybuta- 
s dlene, having a size of 5 mm x 30 mm and a thfckness of 1 mm so as to examine whether the ink remained or not. 
More specifically, the rubber blade was arranged perpendicular to the nozzle plate face so that a side with a length of 
5 mm contacted with the nozzle plate, and wae moved in one direction to remove the ink. visual Inspection was made 
as to whether the ink was removed or not 

to B, Ink resistance property 

(0137] Afterthe nozzle plate was soaked In the Ink, the plate was allowed to stand at 70*Cfor 500 hours. Then, after 
the plate Was taken out and was washed with pure water, a static contact angle and a receding contact angle to the 
Ink were measured, in addition, the Ink-removable property also was evaluated In the sarnB manner as In (A). 



15 



20 



25 



SO 



C. Wear-resistance property 

[01 38] A rubber blade made of porybutadlehe, having a eize of 5 mmx30 mm and a thickness of 1 mm, was arranged 
perpendicular to the nozzle plate face so that a side with a length of 5 mm contacted with the nozzle plate, and the 
rubber blade wae pressed by about 2 mm toward the nozzle plate. Than, in this state, the plate was rubbed with the 
side with a length or 5 mm for 50,000 times. After that, a static contact angle and a receding contact angle of the no22;le 
plate to the Ink were measured. 

D. Evaluation of print property 

[0139] Afterthe nozzte plate was soaked In the fnk and was allowed to etand at 70°C for 500 hours, this nozzle plate 
was assembled as a print head, which was incorporated Into a printer. Then, printing was conducted with this printer. 
A print quality was compared with that printed with a nozzle plate that was not thus treated. The results of the evaluations 
of the water-repellent film produced in this example are ehown in Table 2. 

(1 ) Evaluation of the result (A): A static contact angfe and a receding contact angle of the Ink to a f Juorpresln that 
was polished to be the closest possible to a mirror surface were both 70 deg. Therefore, It can be considered that 
the water-repellent film having avalue closertothls value has an ink-repefle nt property equivalent to the fluororesln. 

Ffefthefmo ro, ao a va lue of the ctat te contact angf e b B Oomo fi^o ftft r m a va lue th s re c ed ing co ntact a ng lo, th o 

35 remaining Ink Is more easily removed when the nozzle surface Is wiped with a rubber blade. From these results, 
the Ink-repellent property equivalent to the fluororesin could not be obtained, but the ink could be repelled suffV 
clently and the remaining ink could be removed completely by wiping It with the rubber blade. Therefore, these 
resufts indicate that a water-mpellaht Aim with a good Ink-fepellency could be reeJtzett 

(2) Evaluation of the result (B): Although the contact angle to the Ink was decreased afterthe test, it wae confirmed 
that, even In the case of this value of static contact angle, the ink could be repelled sufficiently and the remaining 
ink could be removed completely by wiping it with the rubber blade. Therefore, the results Indicate that e water- 
repellent film having durability against ink could be realized, 

(3) Evaluation of the result (C): The value of the contact angle hardly changed. Therefore, this result Indicates that 
a water-repellent film having wear-resistance could be realized. 

45 (4) Evaluation of the result (D): The discharge property was favorable like the nozzlB plate before the test From 
this result, It is indicated that a nozzle plate having durability against ink could be realized. 



40 



so 



[0140] From these results, a nozzle plate that was applicable to an Ink jet printer could be realized. Here, in this 
example, the mfeed solution of ethanol and ^2,2-trifiuoroethanol was used as a solvent of the coating solution. This 
solution has good wettability with the substrate, so that this solution allows easy formation of a uniform water-repellent 
film. Furthermore, In the silane coupling agent having a hydrocarbon chain, the number of carbons that constitute the 
carbon chain was set at 6. This value Is sufficient for preventing an alkaline component from Intruding into the film and 
Is capable of forming a high-density film with excellent wear resistance. 

S5 [Example 12] 

[0141] A stainless substrate (SUS304) having a size of 3 cm x 3 cm and a thickness of 100 \tm was used as a 
substrate. A first coating solution and a second coating solution were prepared by mixing the respective chemical 
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substances having the following components: 



1 . First Coating Solution 



5 [0142] 



(1 ) Mixed Solution of sthanol and 2,2,2-trtfluoroeihanol (mixing at the volume ratio of 8 : 2)' BO ml 
(3) ^ bfe( j^ ((CH 3 0) 3 SIC 2 H 4 (CF 2 ) € C 2 H4Si(OCH3)3): 6 ml 

w ■ (4) Hydrochloric acid (36vo|%): 0.1 ml 

2. Second Coating Solution 

[0143] 

13 

(1) Mixed solution of ethanol and 2,2,2-trlfluoroethanol (mixing at the volume ratio of B * 2)* 60 ml 

(2) 1 .e*ls(trimathoxysilyl)hexane ((C^OfeS^r^aSKOCHaJg): 4 ml 

(3) (2-perfluorooctyl) ethyltrimethoxys(fane (CFg^F^CaH.SitOCH^a): 1 ml 

(4) Water; 1 ml 

*o (5) Hydrochloric acid {36vbl%): 0.1 ml 

[01 44] The mixed solution of these was applied to the substrate by spfn coating. Firstly, the first coating solution was 
applied to the substrate under the condition at 3,000 rpm for 20 seconds, followed by the application of the second 
coating solution at 800 rpm for 20 seconds. Thereafter, the substrate was dried at room temperatures for 1 hour 
followed by baking at 200*C for 30 minutes. Here, the environment during spin coating was set at a temperature at 
24°C and a relative humidity of 34%. A dew point in this environment was fi ft C, The results of evaluations of the water- 
repellent film produced in this example are shown In Table 2. 



25 



30 



35 



1 . Evaluation of the result (A): It is Indicated that a water-repellent film with a good ink-repellency could be realized. 

2. Evaluation of the result (B): ft is Indicated that a water-repellent film with durability against ink could be realized. 

3. Evaluation of the result (C): It is indicated that a water-repellent film with wear resistance could be realized 

4. Evaluation of the result (D); It is indicated that a nozzJe plate with durability against ink could be realized. 

[0145] From these results, a nozzle plate that was applicable to an Inkjet printer could be realized. 

[0146] Here, In this example, I.S-ble^ethoxyelrytethylJperfluorohexane was used as the sflane coupling agent 

that constitutes the first-layer film. The length of a fluorocarbon chain in this coupling agent Is sufficient for preventing 

an alkaline component from Intruding into the film and Is capable of forming a high-density film with excellent wear 

resistance. 



40 [Example 13] 

[0147] A water-repellent film was formed in a similar manner to Example 1Z However, after the second coating 
solution was applied to the substrate, followed by baking of the substrate at 300 fl C for 10 minutes, then the second 
coating solution was applied thereto. The results of evaluations of the water-repellent film produced in this example 
45 are shown in Table 2. 



1. Evaluation of the result (A)- It Is indicated that a water-repellent film with a good ink-repeUency could be realized. 

2. Evaluation of the result (B): ft Is Indicated that a water-repellent film with durability against ink cou/d be realized. 

3. Evaluation of the result (C): It is Indicated that a water-repellent film with wear resistance could be realized. 

4. Evaluation of the result (D): It is Indicated that a nozzle plate with durability against ink could be realized. 

[01 48] From these results, a nozzle plate that was applicable to an Ink jet printer could be realized. 
[Example 14] 

[0149] A stainless substrate (SUS304) having a size of 3 cm x 3 cm and a thickness of 100 jim was used as a 
substrate. A first coating solution, a second coating solution and a third coating solution were prepared by mixing the 
respective chemical substances having the following components; 
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1. First Coating Solution 
[0150] 

^ (1 ) Mixed solution of ethanol and 2,2,2-trrfluoroethanol (mixing at the volume ratio of 5 ; 2); 50 ml 

(2) Titanium tetra Isoprapoxlde; 10 ml 

(3) Tetraetfioxysilane: 2 ml 

(4) Acetylacetone: 3 ml 

(5) Hydrochloric add (36vol%): 0.2 ml 

(6) Waten 2 ml 

2. Second Coating Solution 
[0151] 

{1 ) Mbced solution of ethanol and 2,2,2-tr)fluDroethanol (mixing at the volume ratio of 6 : 2): 60 ml 

(2) 1,6^bfs(trlmethoxysilylethyl}perf|tJorofTexan& ((CH 3 0) a SiC 2 H4(CF2) fi C 2 H 4 Si(OCH 3 ) 3 ): 6 ml 

(3) Water: 1 ml 

(4) Hydrochloric acid (36vo|%): 0.1 ml 

3. Third Coating Solution 
[0152] 

(1) Mixed solution of ethanol and 2,3,2-trinuoroethanol (mixing at the volume ratio of B : 2): 60 ml 

(2) 1 ,6-bls(m'methc^llyl)hexane ((CHsOfeslcCH^KOCHgJa): 4 mJ 

(3) (2-perflUorooctyl) ethyltrimethoxysHane (CF a (CFg) 7 C 2 H 4 SI{OCH 3 V 3 ): 1 ml 

(4) Water: 1 ml 

(5) Hydrochloric acid (36vol%>: 0.1 ml 

[01 53J Firstly, after the first solution was applied to the substrate by spin coaling at 3,000 rpm for 20 seconds, the 
substrate was dried at room temperatures for 1 hour, followed by baking el 450 ft C for S minutes. Next, In the state 
where the substrate returned to room temperatures, the second coating solution was applied to the substrate under 
the condit i on at 3,00O - n a m for 20 seconds, followe d by th n ja ffpilraHnn nf th* thtrH ruling tnlurlrtn at 600 mm mr 20 
seconds. Thereafter, the substrate was dried at room temperatures for 1 hour, followed by baking at 200°C for 30 
minutes. Here, the environment during spin coating was set at a temperature of 24°C and a relative humidity of 34%. 
A dew point In this environment was 5 a c. 

[01 54] The results of evaluations of the water-repellent film produced In this example are shown In Table 2. 

1 . Evaluation of the result (A): It is indicated that a water-repellent film with a good ink-repellency could be realized, 
2 Evaluation of the result (B); it is indicated that a water-repellent film with durability against Ink could be realized. 

3, Evaluation of the result (C): It is Indicated that a water-repellent film with wear resistance could be realized. 

4. Evaluation of the result (D): ft is Indicated that a nozzle plate with durability against Ink could be realized. 

[0155] From these results, a nozzle plata that was applicable to an Inkjet primer could be realized. 
[01 56] Here, In this example, the volume ratio of the eillconsJIcoxIde and the tltanaJkoxide as components of the first- 
layer film was set at 2 : 1 o. This value fe set go as to prevent the film from being destroyed by the alkaline component 
and so as to realise a sufficient density of hydroxy! groups on the surface thereof that brings the second-layer film into 
Intimate contact thereto, 

[Example 15] 

[0157] A water-repellent film was formed In a sfrnilar manner to Example 14. However, after the second coating 
solution was applied to the substrate, followed by baking of the substrate at 3O0 s C for 1 0 minutes, then the third coating 
solution was applied thereto. The results of evaluations of the water-repellent film produced In this example are shown 
In Table 2, 

1 . Evaluation of the result (A). It is indicated that a water-repellent fikn with a good ink-repellency could be realized. 
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2. Evaluation of the result (B): It is indicated that a water-repellent film with durability against Ink could be realized 

3. Evaluation of the result (C); It Is Indicated that a water-repellent film with wear resistance could be realized. 

4. Evaluation of the result (D): It Is Indicated that a nozzle plate with durability against Ink could be realized. 

s [01 58J From these results, a nozzle plate that was applicable to an Inkjet printer could be realized. 
[Example 16] 

[0159] A water-repellent film was formed In the similar manner as in Example 14. However, Instead of 1 ,6-bfa(ui- 
io methoxysilyl)hexBne as tn the third coating solution, 1 ,2-bis(triethoxysllyl)ethane ((CsjhjOJsSKCH^nSKOCaHs^) was 
used. The results of evaluations of the water-repellent film produced in this example are shown in Table 2. 

1 . Evaluation of the result (A): It Is Indicated that a water-repellent film with a go od ink-repellency couJd be realized. 

2. Evaluation of the result (B): It Is Indicated that a water- repellent film with durability against ink could be realized. 
is 3. Evaluation of the result (C): It Is indicated that a waternrepellent film with wear resistance could be realized. 

4. Evaluation of the result (D): It Is Indicated that a nozzle plate with durability against Ink could be realized. 

[0160] From these results, a nozzle plate that was applicable to an Ink Jet printer could be realized. 
so [Example 17] 

[0161 J A stainless substrate (SUS304) having a size of 3 cm x 3 cm and a thickness of 100 iirn was used as a 
substrate. The below mentioned solutions c-1 and C-2 were prepared. 

& Solution C-1 

[0162] 

(1) Mixed solution of ethanol and 2,2,2-trifluoroethanol (mixing at the volume ratio of 8 : 2V 30 ml 
30 (2) 1 ^isttrlmethoxysllylethyObenzerte 

(<CH 3 0) a SI^C Q H i c 2 h|4Si(OCH3) 3 ): 2 ml 

Hereinafter, this chemical substance will be referred to as a silane coupling agent (A). 
(3) (2iDerfluoroi«tyl)e*yh^ethoxysilane (CF^CF^gfySKOCHsk): 0.2 ml 

Hereinafter, thlB chemical substance will be referred to as a silane coupling agent (B). 

35 

Solution C-2 
[0163] 

« (1 ) Mfeed solution of ethanol and 2,2,2-tnfluoroethanol (mixing at the volume ratio of a : 2): 1 9.5 ml 

(2) Pure water; 30 mi 

(3) Hydrochloric acid (36 vol%): 0.5 ml 

[0164] A small amount of the solution C-2 (5 ml) was dropped into the solution C-1 while stirring the solution Cl 
^ with a stirrer After dropping, etfrring was carried out for about one hour so as to prepare a coating solution. In this 
coating solution, the mof ratio of pure water/the silane coupling agent (A) was about 30 and the moJ ratio of the silane 
coupling agent (Bythe eflane coupling agent (A) was about 0.1 , Similarly to Example 1 1 , this mixed solution was applied 
to the substrate by spin coating. The spin coating was carried out at 3,000 rpm for 20 seconds. Here, the environment 
during spin coating was sat at a temperature of 24°C and a relative humidity of 34%. A dew point in this environment 
was 5°C. Thereafter, the substrate was dried at room temperature for one hour, followed by baking at 200 °C for 30 
minutes. 

[0165] The results of evaluations of the water-repellent film produeedin this example are shown In Table 2. 

1 . Evaluation of the result (A): It Is Indicated that a water-repellent film with a good Ink-repellency could be realized. 
5 2. Evaluation of the result (B): It Is Indicated that a water-repellent film with durability against ink could be realized. 

3. Evaluation of the result (C): It Is Indicated that a warervepellent film with wear resistance could be realized. 

4. Evaluation of the result (D): It Is indicated that a nozzle plate wiUi durability against Ink could be realized. 
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[0166] From these results, a nozzle plate that was applicable to an ink Jet printer could be realized, 
[01 67] Here, sinca 1 ,4-bls(trimethoxysllylethyl)benzene used In this example includes a benzene ring, this substance 
Is sllffer compared to Ije-cistfrJmethoXysilyljhexane used In Example 11 (the flexibility permissible for the molecular 
structure Is reduced), and therefore this molecule Id packed densely and the film density is increased, thus improving 
s the wear resistance. 

[01 68J From the results of Table 2, a difference in wear resistance is not so great However, when the wear resistance 
test was performed In the presence of pigment Ink, a difference In their properties became remarkable. That Is to say, 
when the water-repellent film produced in this example and the film produced In Example 1 1 were rubbed with a cotton 
swab impregnated with the pigment ink for 1 00 times and the state of film surface was observed, the film surface of 
10 this example had about 1 0 scratches, whereas, In the case of Example 11 , about 30 scratches were observed, It can 
be assumed that, sine© the pigment inkcontalned a hard Jnorganiesub stance, this substance functioned as an abrasive 
In the wear-resistance test, by which tne difference in the degree of scratches was generated due to a difference in 
the density of the film. 



is [Example 13] 



25 



[0169] A water-repellent film was formed Inasimrlarmannerto Example 12. However, the coating solution of Example 
17 was used as the second coating solution. The results of evaluations of the water-repellent film produced in- this 
example are shown in Table S. 

1 . Evaluation of the result (A): It is Indicated that a Water-repellent Aim with a good Ink-repeliency could be realized. 

2. Evaluation of the result (B); It Is Indicated that a water-repellent film wfth durability against ink could bs realized. 

3. Evaluation of the result (C): It is Indicated that a water-repellent film with wear resistance coufd bs realized. 

4. Evaluation of the r&sutt (D): It Is indicated that a nozzle plate with durability against ink could be realized. 



[0170] From these results, a nozzle plate that was applicable to an InkJet printer could be realized. 
[01711 Here, since 1 ,4-bis(trjmethoxysllylethyI)ben2ene used in this example includes a benzene ring, this substance 
is stlffer compared to l,B^ls{trlmethQxysifyl)hexane used In Example 12 (the flexibility permissible for the molecular 
structure Is reduced), and therefore this molecule Is packed densely and the film density is Increased, thus Improving 
30 the wear resistance. 

0)172] From the results of Table 2, a difference in wear resistance cannot be found so much. However, when the 
wear res fstahee test was pert ormed in the presence of pigment Ink, a difference in their properties became remarkable. 
That is to say, when the water-rape lleht film produced in this example and the film produced In Example 1 2 were rubbed 
i tton swab Im p regnated w i th Th n p i fl mnntr in k f n r 1 n o tim n ^ n nri th n s tatp nf nim oi ia^q was ob se m e d, th ? film 



a* surface of this example had about 1 0 scratches, whereas, In the case of Example 1 1 , about 30 scratches were observed. 
It can be assumed that, since the pigment ink contained a hard Inorganic substance, this substance functioned as an 
abrasive In the wear-resistance test, by which the difference in the degree of scratches was generated due to a differ- 
ence In the density of the film. 



40 [Example 191 



[0173] A water-repellent film was formed In the same manner as In Example 14, However, the coating solution of 
Example 17 was used as the third coating solution The results of evaluations of the water-repellent film produced in 
this example are shown In Table 2, 

45 

1 . Evaluation of the result (A); It is indicated that a water-repellent film with a good ink-repellency could be realized. 

2. Evaluation of the result (B): \t rs Indicated that a warer-repellent film with durability against Ink could be realized. 

3. Evaluation of the result (c): it Is Indicated that a water-repellent film with wear resistance could be realized. 

4. Evaluation of the result (D): It Is indicated that a nozzle plate with durability against ink could be realized. 

so 

[0174] From these results, a nozzle plate that was applicable to an InkJet printer could be realized. 
[0175] Here, since 1 ,4-bis(trfmethoxysilylethyl)ben2sne used In this example Includes a benzene ring, this substance 
Is stlffer compared to I.e-blsftrtmethoxyslIyOhexana used In Example 14 (the flexibility permissible for the molecular 
structure Is reduced), and therefore this molecule Is packed densely end the Him density Is increased, thus Improving 
& the wear resistance. 

[0176] From the results of Table 2, a difference In wear resistance is not so great However, when the wear resistance 
test was performed In the presence of pigment Ink, a difference In their properties became remarkable. That is to say, 
when the water-repellent film produced in this example and the fflm produced in Example 1 4 were rubbed with a cotton 
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ewab impregnated with Ink for ^ 00 times and the state of film surface was observed, tho film surface of this example 
had about 1 0 scratches, whereas, in the case of Example 1 1 , about 30 scratches were observed It can be assumed 
that, since the pigment rnkcontained a hard Inorganic substance, thissubstance functioned as an abrasive in the wear- 
resistance test, by which the difference in the degree of scratches was generated due to a difference in the density of 
the film. 1 

[Example 20] 

[0177] A water-repellent film was formed in the similar manner as In Example 14. However, the coating solution of 
Example 17 was used as the third coating solution. In addition, the baking temperature afterthe application of the third 
coating solution was set at 300'C for 1 5 minutes. The results of evaluations of the water-repellent film produced in this 
example ere shown in Table 2, 

1 . Evaluation Of the result (A): It is Indicated that a water-repellent film with a good ink-repellency could be realized 

2. Evaluation of the result (B): rt Is Indicated that a water-repellent film with durability against Ink could b© realized. 

3. Evaluation of the result (C): it la Indicated that a water-repellent film with wear resistance could be realized 

4. Evaluation of the result (D): It Is indicated that a nozzle plate with durability against ink could be reaJfced. 

[01781 From these results, a nozzle plate that was applicable to an InkJet printer could be realized. 
[0179] Here, since the third-layer water-repellent film used In this example had a high heat resistance because It 
Included a benzene ring, this film could be baked at a higher temperature compared to the film produced in example 
14, for example, that Included a hydrocarbon chain only. Generally, as the baking temperature Increases, the dehy- 
dration polymerization reaction of the ellane coupling agent Incmaslngly proceeds and a polymer film with a higher 
density can be formed, so that thehardness of thefllm and the adhesion thereof to the substrate Increases. Therefore, 
Otb water-repellent nim produced In th?s example has higher wear resistance compared with the other water-repellent 
films that were baked at 200°C, 

[0180] From the results of Tablet a difTerence in wear resistance Is not so great However, when the wear resistance 
test was performed in the presence of pigment Ink, a difference in their properties became remarkable. That is to say 
when the water-repellent film produced in this example andthefHrn produced in Example 14 were rubbed wfth a cotton 
swab Impregnated with the pigment ink for 1 00 times and the stale of film surface was observed, the film surface of 
this example had about io scratches, whereas, In the case of Example 14, about 30 scratches were observed It can 
be assumedthat, sincethe pigment Ink contained a hard inorganic substance, this substance functioned as an abrasive 
In the wear-resistance test, by which the difference tn the degree of scratches was generated due to a difference in 
the density of the film. 

& [0181] Furthermore, similarly, a difference in wear-resistance from the film produced in Example 1 9 was examined 
To this end, the film surface was rubbed with a cotton swab wetted with pigment Ink for 1,000 times to examine the 
difference for both films. As a result, the film produced in this example had about 20 scratches on the surface thereof 
whereas the film produced In Example 19 had about 50 scratches on the surface thereof. This Indicates that, even 
when the same coating solution Is applied, the wear resistance can be Improved m the film of this example that was 

40 baked at a high temperature versus Ihefllm of Example 1 Staked at a lower temperature. 

[Example 21] 

[0182] A stainless substrate (SUS304) having aslzeof3cmx3cmanda thickness or 100 urn was used as a 
4* substrate. A first coating solution and a second coating solution were prepared by mixing the respective chemical 
substances having the following components: 

1 . First Coating Solution 

so [0183] 

(1) Mixed solution of ethanol and 2,2,2^trif!uoroethanol (mixing at the volume ratio of 6 : 2): 50 ml 
Titanium tetra isopropoxlde: 1 0 ml 
(2>Tetraethoxysllane: 2 ml 
65 (3) Acelylecetone; 3 mj 

(4) Hydrochloric add (36vol%): 0.2 ml 

(5) Water 2 ml 
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2. Second Coating Solution 
[0164] 

s (1) Mixed solution of ethanol and 2,2,2-trffluoroethanol (mixing at the volume ratio of 6 : 2): 60 ml 

(2) (2-perfluoroodyl) ethyltrirnethoxysifane (CF${CF 2 ) 7 C 2 HtS\[OCH 3 )£: 6 ml 

(3) Water. 1 ml 

(4) Hydrochloric acid (36voi%): 0.1 ml 

to [01 85] Firstly, after the first solution was applied to the substrata by spin coating under the condition at 3,000 rpm 
• for 20 seconds, the substrate was dried at room temperatures for 1 hour, followed by baking at 450 g C for 5 minutes. 
Next, In the state where the substrate returned to room temperatures, the second coating solution was applied to the 
substrate under the condition at 600 rpm for 20 seconds, and then the substrate was dried at room temperatures for 
1 hour, followed by baking at 300 a C for 30 minutes. The results of evaluations of the water-repellent film produced in 
this example are shown in Table 2. 

1 . Evaluation of the result (A): It can be estimated that the reason for the static contact angle being larger than the 
value with respectto afluororesln Isthattheunevennesstf me surface of the second-layer film Is large. Generally, 
as the unovenness of the surface increases, them is a tendency that a receding contact angfe is reduced. This 
result also can be affected by the tendency. However, In spite of the presence of such unevenness, Ink could be 
wiped away sufficiently. Therefore, the result indicates that a water-repellent film with a good ink-repellency could 
be realized. 

2. Evaluation of the result (B>: it is Indicated that a water-repellent Him with durability against ink could be realized. 

3. Evaluation of the result (C): After the test, the static contact angle and the receding contact angle were reduced. 
In addition, the values of the static contact angle and the receding contact angle became smaller. This Indicates 
that a part of the surface of the second-layer water-repellent film was ground by the wear-resistance test so as to 
make the unevenness of the surface flat When an evaluation was conducted in this state as to whether the ink 
can be wiped away or not, the Ink could be removed completely. Therefore, it is Indicated that a water-repellent 
film with wear resistance could be realized. 

4. Evaluation of the result (D): It is indicated that a nozzle plate with durability against Ink could be realized. 
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[Table 2] 



. Evaluation Results ot Water-reoellent Rims Produced In Examples 


Types of water 
tepellant Alms 


Contact angle to Ink (static contact angle-receding contact angle : unit deg) 


initial value 


Value after soaked In 
Inkat70°Cfor500hra 


After rubbing for 
100,000 times 


Print property after 
soaked In ink at 70°C 
for 500 hrs 


Example 11 


61-59 


50-48 


61-59 


good 


Example 12 


62-60 


50-48 


62-60 


good 


Example 13 


62-61 


50-48 


62-61 


good 


Example 14 


62-61 


50-48 


62-61 


good 


Example 15 


62-61 


50 ^4B 


62-61 


good 


Example 16 


62-61 ; 


45-40 


62-61 


good 


Example 17 


65-62 


55-52 


65-62 


good 


Example 18 


66-62 


55-52 


66 -62 


good 


Example 19 


66-62 


55-52 


66-62 


good 


Example 20 


66-62 


55-52 


66 -62 


good | 


Example 21 


90-70 


70-40 


70-60 


good 
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[0186] From these results, water-repellent films having alkali resistance could be realized. In addition, using these 
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films, nozzle plates that wore applicable* to an Ink jet primer coufd be realized. Here, in the embodiments and the 
examples of the present invention, an alkoxysilane compound only Is described as the silane coupling agent. However 
the silane coupling agent Is not limited to this, and if the water content is controlled strictly, similar water-repellent films' 
can be formed Using a chlorosilane compound, a silazane compound and the like thai have high reactivity. Furthermore 
although epm coating is used for the application method in all of the examples, the application method is not limited to 
this, and needless to say, a dip method, a spray method and the like can be used. Furthermore, in the examples of 
the present invention, the water-repellent films utilize some sorts of silane coupling agents, ethanoi and 2,2,2-trifiuor- 
oethanol as the solvents, and hydrochloric acid as the acidic catalyst, which are not limiting ones. For example as the 
solvent, propanol, butanol and a mixture thereof are available, and as the acidic catalyst, nitric acid, acetic acid.' formic 
acid, etc, are available. Furthermore, the compositions of the coating solution are not limited to those described In the 
embodiments, and two or more types of silane coupling agents can be combined. In addition, for example, an inhibitor 
a thickener such as polyethylene glycol and a surface-active agent for controlling the surface tension can be used! 
Furthermore, the amount of the silane coupling agent can be varied depending on an Intended use, for example in 
order to improve the water repellency, the amount of silane coupling agent having a fluoroaJkyl chain may be increased 
In addition, m the examples, the nozzle holes are aJI bored by electrical dlschargo machining. However, the method Is 
not limited to this, and laser machining, punching machining, etching machining and the like can be used. 



INDUSTRIAL APPLICABILITY 



[0137] as stated above, according to the present Invention, a water-repellent film having high alkali resistance can 
be realized using a silane coupling agent. 

[01 fia] The water-repellent film of the present Invention Includes a fluoroalkyl chain, so as to have a low surface 
energy. Therefore, the film can repel various kinds of liquid euoh as oil, In addition to water, and a solid substance that 
adheres to this film can be removed easily. Therefore, the water-repellent film is useful aa an antifoullng film applicable 
to household equipment, for example, cooking equipment or a bedpan, to which dirt tends to attach, in particular, the 
water-repellent film of the present invention is useful as an antifoullng film of a part exposed to a high alkali detergent 
Furthermore, the water-repellent film of the present Invention Is applicable to various fields, for example, application 
to a part that Is always exposed to an alkaline solution. 

Claims 

1. A water-repellent film that is formed on a solid substrate, comprising; 

a molecule (A) comprising at least one or more of siloxane bonding frSl-O-) at both ends and a hydrocarbon 
chain In a middle part, and 

a molecule (B) comprising a fluorocarbon chain at one end and at least one or more of siloxane bondinq f-sl- 
0-) at another end, 

wherein a polymer film is termed el least with the molecule (A) and the molecule (B). 

2. The water-repellent film according to claim 1 , wherein, between the solid substrate and the water-repellent film, a 
first lower polymer film further Is formed, the first lower polymer film being configured with a molecule comprising 
at least one or more of sfloxane bonding (-SI-0-) at both ends and a fluorocarbon chaJn in a middle part. 

3. The water-repeilentfllm according to claim 2, wherein, between the solid substrate and the first tower polymer film, 
a second lower oxide film Is formed, the second lower oxide film being made of a mixture of a silicon oxide and a 
titanium oxide. 

4. The waier-repelient film according to claim 1 , wherein a density of the molecule (B) In the vicinity of the outermost 
surface of the water-repellent film Is higher than a density of the molecule (B) Inside the water-repellent ram. 

5. Tne water-repellent film according to claim 1 , wherein a ratio of the molecule (A) and the molecule (B) Is in the 
range from 0.001 to 0.2 {- the molecule (Bythe molecule <A» that Is represented by a mol ratio. 

6. The water-repellent film according to claim 1 , wherein the molecule (A) comprises a straight-chain hydrocarbon 
chain, 
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7. The warer-repsifent film according to claim 1 , wherein the molecule (A) comprises a benzene ring. 

8 k Hie water-repellent film according to claim 8, wherein the number of carbons that constitute the straight-chain 
hydrocarbon chain ranges from 1 to 1 0. Inclusive, 

9. A water-repellent film that is formed on a sofid substrate and is made up of a two-layered thin film, 

wherein a first-layer film contacting with the substrate Is made of a mixture of a silicon oxide end a titanium 
otfda. a ratio of the silicon to the titanium being in the range from 1 0% to 30%, inclusive, In terms of mols, and 
a second-layer film formed on the first-layer film is a polymer film that is at least one selected from a hydro- 
10 lyzate and a dehydrated polymer of a sllane coupling agent comprising a fluorocarbon chain. 

10, A method for producing a water-repellent film on a solid substrate, comprising the steps of: 

apptylng a coating solution to the substrata, wherein th e coating solution is prepared by mixing a sliane coupling 
agent (A) comprising reactive functional groups at both ends and comprising a hydrocarbon chain In a middle 
part, a silane coupling agent (B) comprising a fluorocarbon chain at one end and a reactive functional group 
at another end, an organic solvent, water and an acidic cataJyst, and 

heating the substrate so as to form a polymer film with the silane coupling agent (A) and the silane coupling 
agent (B). 
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11. The method for producing a water-repellent film according to daim 10, wherein between the solid substrate and 
the water-repeJIent f iim, a polymer film further is formed by applying a first underiayer coating solution to the sub- 
strate, wherein the first underiayer coating solution Is prepared by mixing a silane coupling agent comprising re- 
active functional groups at both ends and comprising a fluorocarbon chaJn in a middle part, an organic solvent 
water and an acidic cataJyst. 

12. The method for producing a water-repellent film according to claim 11 , wherein after the first underiayer coating 
solution Is applied to the solid substrate, followed by heating at 1 0O fl C to 300°C , inclusive, then a coating solution 
comprising the silane coupling agent (A) and the silane coupling agent (B) Is applied thereto. 

13. The method for producing a water-repellent film according to daim 11 , wherein, between the solid substrate and 
the first u nderiayer polymer film, an o*ida film that Is made of a siBcon oxide and a titanium oxide further is formed 
by applying a second underiayer coating solution to the substrate, followed by baking, wherein the second under- 

- — aflnaJs-wapa m ri hv m fr lnri - tfranaflrrwlrfr fillimnmkmrl ri ft.fln ^n\n p*iv»nt w*t Q r a nH on a *Mir~ 



14. TTie method tor producing a water-repellent trim according to claim 10, wherein the mofecule (A) comprises a 
straight-chain hydrocarbon chain. 

15. The method for producing a water-repellent film according to claim I0 r wherein the molecule (A) comprises a 
40 benzene ring. 

16. Iho method for producing a water-repellent film according to claim 10, wherein the reactive functional groups of 
the silane coupling agents are alkoxyslfyl groups. 

«ff 17. The method for producing a water-repellent film according to clam 1 0, wherein the number of carbons that con- 
stitute the straight-chain hydrocarbon chain ranges from 1 to 10, Inclusive. 

18, The method for producing a water-repellent film according to claim 10, wherein the molecule (A) comprises a 
benzene ring, and a mol ratio of watBrandthe molecule (A) Is in the range from 20 to 1 50 (=swater/the molecule (A)}. 

so 

19> The method for producing a water-repeJIent film according to claim 1 o, wherein a mol ratio of the molecule (A) and 
the molecule (B) is in ths range from 0.001 to 0.2 (= the molecule (B)/the molecule (A)). 

20. The method for producing a water-repellent film according to claim 10, wherein the organic solvent of the coating 
« solution comprising the sllane coupling agent (B) comprises alcohol having fluorocarbon. 

21. The method for producing a water-repellent film according to claim 10. wherein a dew point of atmosphere for 
applying the coating solution to the substrate is lower than a temperature of the atmosphere by 5°C or more. 
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22. The method for producing a water-repellent fjJm according to claim 1 0, wherein a method for applying the coating 
solution to a surface of the substrate Is at feast one selected from a dipping method, a spraying method, a brushing 
method, a method using a cloth, a spin coating method, a method using a roller, a knife coating method and a film 
coating method. 

23. A method for producing a water-repellent film on a solid substrate, comprising the steps of: 

applying a first coating solution to the substrate, followed by baking at 300 a C or higher, where the first coating 
solution is prepared by mixing titanalkotfide, sfllconaJkoxide, an organic solvent, water and an acJdlo catalyst 
10 anC | 1 

applying a second coating solution to the substrate, followed by baking, where the second coating solution Is 
prepared by mixing a sifane coupling agent having a fluorocarbon chain, an organic solvent, water and an 



15 



20 



acirffc catalyst, 

wherein In the first coating solution, a ratio of the sllteonalkoxlde to the titanalkoxide is tn the range from 1 0% 
to 30%, Inclusive, In Terms of mols. 

24. The method for producing a water-repellent film according to claim 23, wherein a method for applying the coaling 
solution to a surface of the substrate Is at least one selected from a dipping method, a spraying method, a brushing 
method, a method using a doth, a spin coating method, a method using a roller, a knife coating method and a Aim 
coating method. 

25. An Inkjet head comprising an ink Jet nozzle, wherein a water-repellent film Is formed on an Ink-discharging side 
of a substrate of the ink Jet nozzle having a nozzle hole from which ink Is discharged, 

25 wherefnthewater-repeHentfllmcompriseea molecule (A) comprising atleastone ormore of sjioxane bonding 

(-SI-0-) at both ends and a hydrocarbon chain in a middle part; and a molecule (B) comprising a fluorocarbon 
chain at one end and at least one or more of alloxans bonding (-Si-O-) at another end, and 
wherein a polymer film Is formed at least with the molecule (A) and the molecule (B). 

*> 26. An Inkjet type recording apparatus, comprising: 

an ink jet head in which a water-repellent film Is formed on an Ink-discharging side of a substrate having a 
nozzle holefrom which ink is discharged, wherein the water-repellent film comprises a molecule (A>comprtslng 
at least one or more of siloxane bonding (-ShO-) at both ends and a hydrocarbon chain in a middle part; and 
a molecule (B) comprising a fluorocarbon chain at one end and at least one or more of sjjoxane bonding (-SI- 
O) at another end, and wherein a polymer film teformed at least with the molecule (A) and the molecule (B); and 
a moving unit for relative movement of a recording medium. 
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